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ABSTRACT

Most of the thick clastic strata of Carboniferous age in the Black
Warrior basin in Alabama were deposited in various sub-environments of
a northeast prograding deltaic complex.

Further offshore and toward the

north, Upper Mississippian carbonate formations were deposited as banks
and shoals.

The Monteagle Limestone is considered to have been deposited

contemporaneously with this prograding clastic sequence; it grades toward
the southwest over a distance of 30 km or less to the Pride Mountain
Formation and Floyd Shale.
Monteagle Limestone:

I.

packstone/grainstone, II.
III.

Six lithofacies can be recognised within the
massive to lenticular bedded echinoderm-bryozoan
cross-bedded oolitic packstone/grainstone,

laminated to structureless dolomitic mudstone, IV.

mudstone,

V.

pellet packstone/grainstone, and VI.

lime wackestone/

clay shale.

These

lithofacies commonly occur together in discrete stratigraphic packages,
and, when complete, a vertical sequence most commonly includes from
bottom to top, lithofacies I, II, III, and IV.

This sequence records the

initial buildup and migration of an oolitic tidal bar into a relatively
low energy environment culminating in the emergence of the bar above sea
level where tidal flat sedimentation, dolomitization and calichification
occurred.
Isolith data suggest that oolitic sand was concentrated in a belt
along a line trending northeast-southwest in northeastern Alabama and
Tennessee.

This belt was composed of individual tidal bars, also oriented

northeast-southwest.

Initially each bar was directly influenced by

either ebb (NE) or flood (SW) tidal currents creating basal sets of cross-

x

strata oriented unidirectionally to correspond with flood or ebb flow
current directions.

With growth and expansion each tidal bar came under

the increasing influence of the weaker reverse current which resulted in
the reversal of paleocurrent azimuths at the top of the bar.
Generation of tidal currents may have been aided by the presence of
the deeper Ouachita trough or an area of possibly deeper water in south
eastern Alabama.

Emergent areas on the Nashville dome and toward the

east in the Appalachian tectonic belt delineated the shoreline and
bathymetric boundaries of a narrow body of water or strait oriented north
east-southwest through which tidal currents swept.
Many of the diagenetic changes which affected Monteagle strata are
believed to have occurred during the early history of these rocks.

Early

diagenesis principally involved precipitation of carbonate cements within
interstitial pores of the sediment.

Micritic and fibrous aragonite or

high-magnesian calcite dominated the marine phreatic and lower vadose
zones, whereas dolomitization and precipitation of celestite, fluorite
and evaporites occurred in the tidal flats or sabkha environments.

As

ephemeral fresh or brackish water lenses formed on the bar crests, grain
dissolution and precipitation of low-magnesian calcite, meniscus cements
occurred there.

Fine-grained dolomite developed clear overgrowth rims

and calichification occurred locally.
With burial and increasing overburden pressures, grain deformation
pressure solution was initiated.

Preferential dissolution and deforma

tion of larger ooids suggest that these ooids were, incompletely cemented
at the time of pressure solution.

Equant, post-compactional sparry

calcite was precipitated as a result of pressure solution.

Late stage

dolomite may have been derived from the Bangor Limestone via downward
migrating fluids carrying Mg

2+

.

Later local mobilization and re

precipitation of autochthonous silica occurred on a microscale, and led
to the silicification of selected allochems.

INTRODUCTION

Carboniferous clastic strata in the southern Cumberland Plateau of
Alabama and Tennessee and in the Black Warrior basin of Alabama have been
studied extensively in recent years (Ferm, et jiL., 1967, 1972; Thomas,
1967, 1972 a, b, 1974; Moser and Thomas, 1967; Ehrlich, 1965; Davis and
Ehrlich, 1974; Hobday, 1969, 1974; Milici, 1974).

From these studies

new concepts of Carboniferous sedimentology and stratigraphy have been
developed which propose to explain the variation of Carboniferous strata
of the southeastern United States.

By contrast little research, with the

exception of broad stratigraphic studies (Vail, 1959; Peterson, 1962;
Thomas, 1967, 1972 a, 1974; McLemore, 1971, 1972), has been directed
toward the Mississippian carbonate strata in the same area, and detailed
analyses of their environments of deposition have not been made.
The

Upper Mississippian Monteagle Limestone, which is noted for

its thick oolitic limestone sequences (Stearns, 1963; Thomas, 1967, 1972),
is well exposed in road cuts and quarries in northern Alabama, southcentral Tennessee, and northwestern Georgia.

Thus it affords an ideal

opportunity to analyze and interpret the depositional and diagenetic
history of an ancient, high energy, epeiric sea carbonate sequence in
the framework of modern sedimentologic and diagenetic concepts.

An

understanding of the environments of deposition and diagenetic fabrics,
as controlled by depositional environments, sedimentary facies, burial
and hydrology are fundamental to reconstructing the history of the south
ern Appalachian region and to interpreting other widespread, shallow
marine oolitic sequences in the geologic record.

1

PURPOSE

This dissertation has the following objectives:
1.

to identify and describe Monteagle lithofacies, based upon
carbonate rock types, sedimentary structures, and biologic
constituents;

2.

to identify the dominant sedimentary processes operative during
the deposition of the lithofacies;

3.

to interpret the depositional environments represented in the
Monteagle Limestone by determining the areal distribution of
facies, formulating ideal vertical facies sequences and
examining paleocurrent patterns;

4.

and to reconstruct the diagenetic history of these rocks by
a.

describing and analyzing the types of diagenetic mineral
phases and cements present, and

b.

formulating the relative times and modes of implacement,
removal, transformation, and replacement of these minerals.

PROCEDURES

The interpretations presented in this study are the result of
detailed field investigations, laboratory research and literature surveys.
Numerous outcrop sections, including road cuts and quarries, and one
drill core were measured and described in detail (Appendix C).

Carbonate

rocks were described and classified according to the classification
scheme of Dunham (1962) (Appendix A).

Bed thicknesses, sedimentary

structures, biologic constituents, and vertical-lateral stratigraphic
relationships were noted and are illustrated in the graphic logs that
were drawn of each measured section.

Paleocurrent measurements of the
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foresets of cross-stratified beds were taken with a Brunton pocket
transit.

Corrections for structural dip were not necessary because the

Monteagle Limestone is flat-lying throughout the study area.

Major

lithofacies were sampled in detail and returned to the laboratory where
polished slabs and thin sections were prepared and viewed with binocular
and petrographic microscopes.

STUDY AREA AND REGIONAL GEOLOGIC SETTING

The study area is located in the Cumberland Plateau and Valley and
Ridge districts of the southern Appalachian tectonic belt in Tennessee,
northeastern Alabama, and northwestern Georgia (Figures 1 and 2), and
covers more, than 10,000 square kilometers.

The Monteagle Limestone

crops out on the forested lower slopes of the highly dissected Cumberland
Plateau, but vegetation is so thick that only road cuts and quarries
afford any real opportunity for an extensive examination of the strata.
The study area is underlain primarily by Mississippian and Penn
sylvanian strata (Figure 1) which show a gentle regional dip to the
southwest toward the Black Warrior basin.

A prominent tectonic hinge

line, trending northwest-southeast across west-central Alabama, sepa
rates the relatively thin, predominantly carbonate sequence in north
eastern Alabama from the much thicker, clastic strata in the Black
Warrior basin (Figure 3).

Erosion has stripped middle and upper Missis

sippian and Pennsylvanian strata from the Nashville dome in parts of
northern Alabama and Tennessee, and also from most of the Valley and
Ridge district in Alabama, Tennessee and Georgia.

Where these strata

are present in the latter district, they have been deformed by asymmetric
folding and thrust faulting.

The Mississippian section thickens across
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the folded belt and locally may thicken in the synclines and thin over
the crests of anticlines (Figure 3).

CARBONIFEROUS STRATIGRAPHY AND PALEQENVIRONMENTS

Until recently only three major studies dealing with regional
Mississippian stratigraphy in Alabama had been published (Butts, 1926;
Welch, 1958, 1959).

Butts (1926), in his monumental study of Alabama

Paleozoic geology, recognized that the Mississippian System primarily
consists of limestone in the northern part of the state and clastic
strata toward the south.

Butts believed that the thick carbonate section

was devoid of elastics because it was deposited a great distance seaward
of the Mississippian shoreline.

The relationship between clastic and

carbonate facies in northeastern Alabama was clarified by Welch (1958,
1959) .

Although working with predominantly clastic units in the Black

Warrior basin, he recognized the existence of a major facies change from
carbonates in the northeast to elastics in the southwest.
Thomas (1967, 1972 a, 1974) has recently elucidated the broad,
lateral and vertical relationships of the Mississippian lithofacies in
Alabama and has formally refined basic stratigraphic nomenclature in the
state.

According to Thomas's studies, the Mississippian System in

Alabama actually includes three distinct lithofacies (Figures 4 and 5):
1.

a northeastward-thickening clastic facies in northeastern
Alabama derived from a source located still further toward
the northeast;

2.

,

an extensive southwestward-thickening clastic facies in the
Warrior basin and in the Appalachian synclines derived from
areas south and southwest of present exposures, and
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3.

a carbonate facies in north-central Alabama, geographically
between and equivalent to the clastic facies on either side.

Both facies exhibit an offlap relationship with the adjacent carbonate
facies.

Overlying the Mississippian strata are orthoquartzites and

quartz-pebble conglomerates of the basal Pottsville Formation (Ferm and
Ehrlich, 1967; Thomas, 1972).

Early workers pointed to the abrupt and

channeled basal contact of the orthoquartzite and suggested that it
represents a major unconformity separating the Mississippian below from
the Pennsylvanian above.

Ferm and Ehrlich (1967) disagree with this

view, arguing that the abrupt basal contacts of these sandstones are
related to local current activity and not to a significant time break.
They xjere probably the first workers to suggest that much of the varia
tion in Carboniferous sediments can be explained as the products of a
prograding delta system building from a southern source northward first
over a subsiding geosynclinal belt and then onto the stable shelf (Ferm
and Ehrlich, 1967).
A sedimentation model (Figure 6 ) was proposed to explain the lateral
relationships of Carboniferous detrital and carbonate rocks (Ferm and
Ehrlich, 1967).

The authors proposed that the Bangor Limestone of Late

Mississippian age is in part equivalent to the Floyd, Pennington, Parkwood and Pottsville Formations.

Upper Pottsville rocks seem to have

been deposited in the upper deltaic plain environment, whereas lower
Pottsville strata were apparently laid down in delta front, back barrier,
and beach barrier marine environments.

The barrier complex with tidal

deltas and washover fans (Hobday, 1969, 1974) separated the deltaic and
offshore facies.

Parkwood clastic sediments are predominantly shallow

marine bay and distributary front facies (Thomas, 1972) and among the
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offshore facies, the Floyd Shale may represent delta front, and/or pro
delta deposits.

Pennington and Bangor strata were deposited as offshore

carbonate banks, shoals (Dinnean, 1974) and tidal flat deposits (Bergenback, et_ al., 1972).
The limitations of this general depositional model are not known.
It seems to apply quite well to the rocks just discussed, but can it
also be applied to the Monteagle Limestone?
critical bearing on this matter.

Several facts may have some

From the stratigraphic column and

cross section (Figures 4 and 5) it can be seen that, in some places,
the Bangor Limestone conformably overlies the Monteagle.

Furthermore,

Dinnean (1974) has shown that the Bangor is so similar in lithology to
the Monteagle Limestone that the two units are virtually indistinguish
able.

It seems possible that a similar style of carbonate deposition,

perhaps with some modification, characterized both formations and con
tinued uninterrupted through "Bangor time".

The stratigraphic column

also shows that the Monteagle is laterally and stratigraphically
equivalent to the Floyd Shale and the Pride Mountain Formation (Figure 4),
a northeastward-extending tongue of the Floyd Shale, and, as was stated
by Thomas (1972 b), Pottsville quartz-pebble conglomerates occur in the
north-central Mississippi subsurface at a horizon laterally equivalent
to the Floyd Shale.

These Pottsville strata then may represent a

Mississippian deltaic complex that was active, concurrently with deposi
tion of the Monteagle carbonates.

Thomas (1972 a) has shown that the

Pride Mountain and Hartselle sandstones trend northwest-southeast across
Alabama and were probably deposited as offshore bar-barrier island com
plexes, lending support to extend the Ferm-Ehrlich concept into these
older Mississippian units.

Collectively the bulk of the evidence suggests that the sedimenta
tion patterns that were developed during Monteagle deposition were
similar in many respects to the patterns suggested by the Ferm-Ehrlich
sedimentation model.

It was shown in the introduction that one objec

tive of this dissertation is to determine the depositional environments
for the Monteagle.

In the following chapters it will be seen how well

or poorly the Monteagle Limestone fits the delta-shallow marine ramp
concept.

MONTEAGLE LIMESTONE

DEFINITION AND STRATIGRAPHIC TERMINOLOGY

The Monteagle Limestone is defined as the oolitic and bioclastic
limestone unit that overlies the Tuscumbia Limestone in Alabama and
Georgia, or the St. Louis Limestone in Tennessee, and underlies a thin
tongue of Pride Mountain Formation and Hartselle Sandstone (Thomas,
1972).

Where the Hartselle is absent, the Monteagle is overlain by

the Bangor Limestone (Figures 4 and 5).

The Monteagle grades south-

westward in Alabama, over a distance of about 32 km, into the Pride
Mountain Formation.

In thickness the Monteagle Limestone ranges from

approximately 60 to 90 meters.
Nomenclature for the Monteagle and equivalent Mississippian strata
in Alabama and Tennessee was only recently standardized (Figure 7).
Vail (1959) proposed the name, "Monteagle Limestone", to include the
carbonate section below the Big Clifty Sandstone and above the St.
Louis Limestone in exposures along U. S. Highway 41 near Monteagle,
Tennessee.

In Alabama, limestone strata equivalent to Vail's Monteagle

Limestone ~were referred to as the Ste. Genevieve Limestone and Gasper
Formation (Buggs, 1926), but Vail proposed t-'

evive the name Monte

Sano Limestone (Ulrich, 1911) for those limestone strata (Ste. Genevieve
and Gasper) on Monte Sano mountain (Section AL-1 in this study) at
Huntsville, Alabama.

He dropped the Ste. Genevieve-Gasper nomenclature

because the upper contact of the Gasper as used at Monte Sano mountain
differed from that in the type section in Kentucky, and also because the
Ste. Genevieve and Gasper are difficult to separate lithologically.
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Peterson (1962) adopted Vail's terminology and subsequently the Tennessee
Division of Geology formally accepted the name Monteagle Limestone
(Stearns, 1963).

The Alabama Geological Survey, however, continued

using the St. Genevieve-Gasper terminology until the initial strati
graphic work of Thomas (1967), who proposed to extend the use of
Monteagle nomenclature from Tennessee into northeastern Alabama, and
thereby abandon the names St. Genevieve Limestone and Gasper Formation.

LITHOFACIES

Six major lithofacies were identified in the Monteagle Limestone
on the basis of carbonate rock types, sedimentary structures and
biologic constituents.

Echinoderm-Bryozoan Packstone/Grainstone (Lithofacies I)

Echinoderm-bryozoan packstones and grainstones are fairly uniform
in color, ranging from medium light gray to olive or light olive gray
and dusky yellowish broxm.

Clay partings or stylolitic seams usually

impart a dusky green color to these rocks.
Echinoderm and bryozoan skeletal material are the most abundant
allochems in this facies, but other less prominent but common allochems
include strophomenid and spiriferid brachiopods, Endothyra foraminifera,
rugose coral, molluscs, trilobites and variable quantities of ooids,
intraclasts and pellets.

Either of the two main components, echinoderm

or bryozoan particles, may be the dominant allochem, and not uncommonly,
one is present to the total exclusion of the other (Figure 8 ).

Their

relative abundaxices at any location may have been controlled by either
ecological constraints or hydrodynamic differences between particles.

Figure 8 .

Photographs of the echinoderm-bryozoan lithofacies.
A.

Polished slab of well sorted, and coarse-grained
crinoid grainstone.

B.

Photomicrograph of well sorted bryozoan grainstone.
Zooecia are filled with sparry calcite cement and
micrite. Plane light. Bar scale = 0.4 mm.

C.

Photomicrograph of well sorted echinoderm-bryozoan
grainstone. Bryozoan zooecia are filled with micrite.
Plane light. Bar scale = 1 . 0 mm.

D.

Polished slab of muddy, echinoderm-bryozoan wackepackstone. Unabraded echinoderm debris and abundant
lime mud suggest that energy conditions were relatively
low at the site of deposition.
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Physical energy levels must have ranged considerably where this
facies was deposited, as is suggested by the range in grain size (less
than 1.0 mm to over 1 cm), sorting, degree of grain breakage, physical
abrasion, and the amount of micrite and/or clay matrix present (Figure
8 ).

Well sorted packstones and grainstones are usually composed of

highly abraded and disarticulated skeletal debris whereas poorly sorted
packstones are, in some places, composed of virtually unabraded and
articulated skeletal material.

In the latter case, these skeletal com

ponents were probably buried at the site of growth and have suffered
little or no

transportation.

The abundance of micrite and/or inter

bedded clay shales in the poorly sorted rocks suggests a low degree of
current or wave winnowing.
Lenses of muddy packstones and wackestones are commonly interbedded
with the echinoderm-bryozoan strata and at two localities thin micritic
laminae were noted.

At TN-1 (Figure 9) these laminae have been ripped

up and reworked into the foreset laminae of an overlying cross
stratified bed.

Aside from the possibility of a purely mechanical

accumulation of mud, these laminae may have originated through the
trapping of fine-grained mud by subtidal algal mats (Scoffin, 1970).
According to Neuman, et^ aM.

(1970), subtidal algal mats erode when

subjected to extreme current levels and break up into soft, pliable
clasts.

Presumably these clasts could be reworked into the sediment

and preserved.

Alternatively the mud clasts in the Monteagle may have

survived transportation due to the cohesive character of fine-grained
sediment.

No direct evidence of the origin of these laminae and clasts

is offered however.
Rocks belonging to Lithofacies I may occur in isolated thin beds
or in packages approaching 6 meters in thickness.

Cross-stratification

Figure 9
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Figure 9.

Photographs of sedimentary structures in the echinodermbryozoan lithofacies.
A.

Accretion-bedded echinoderm-bryozoan packstones at
section AL-6 . Unit which is 3.6 m thick, overlies
a thin dolomitic and lime mudstone (arrow) and is
overlain by a cross-bedded package of oolitic grain
stone (0). The grain size distribution in the
accretion-bedded package increases upward and sediment
sorting becomes better toward the top.

B.

Channel-fill, echinoderm-bryozoan facies on the west
side of Monte Sano at Huntsville, Ala. Compaction of
surrounding shales has distorted the original geometry
of the channel-fill, but truncation of thin-bedded
limestone and shale can be seen at the base of the
lenticular sand.

C.

Thin, discontinuous, algal(?)-micrite laminae and re
worked clasts of micrite in cross-bedded packstone
(arrow).

D.

Plan view of horizontal winding and branching (?)
burrows in micritic laminae within echinoderm-bryozoan
facies.

is uncommon but where it is present the form is usually tabular and
may include large- and small-scale cross-sets.

Many of the echinoderm-

bryozoan packstones are massive and burrowed (Figure 9).

This facies

also contains abundant examples of channeling and shallow cut-and-fill.
The largest channels may be as wide as 30 meters and contain fill as
thick as 2 meters (Figure 9b).

Individual units within the lithofacies

generally cannot be correlated between outcrops.

This may reflect the

lenticular nature of most units.
At section AL -6 gently inclined beds of echinoderm-bryozoan packstone thin tangentially at their bases and grade laterally into marly
shale, forming a sequence 3.6 m thick (Figure 9).

Grain size and

degree of sorting in individual inclined beds increase from the base
toward the top of the sequence.

Coarsening upward carbonate sequences

which become better sorted toward the top and are composed of inclined
beds are commonly associated with prograding beach sequences.

The

similarities suggest that the AL -6 sequence represents a low energy
carbonate beach sequence and that the inclined beds are beach accretion
units.
The echinoderm-bryozoan facies makes up 19% to 56% of the Monteagle
Section in the study area, averaging 38.5%.

An isolith map (Figure 10)

of the composite thickness (percent of total thickness) of echinodermbryozoan strata in each complete section suggests that the greatest
development of this lithofacies occurs near the Pride Mountain-Monteagle
facies change.

It is most poorly developed along a line trending

northeast-southwest across the Tennessee and Alabama state line.
Interpretation

Rocks belonging to Lithofacies I were deposited in the shallow
marine subtidal zone under a range of physical conditions.

Strata

10 km
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Figure 10.

Isolith map of the echinoderm-bryozoan facies in the Monteagle Limestone,
values represent thickness of echjn.-bryoz. rocks
x 100
thickness of Monteagle Ls.
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composed of abundant unabraded, articulated skeletal material and abun
dant micrite and/or shale were deposited in moderate to low energy
conditions in an open marine setting.

This is also true of the well

sorted grainstones but certainly they accumulated under more energetic
conditions.

Burrowed sequences, cross-stratification, cut-and-fill

structures and channel bedding in these rocks suggest that areal and
temporal fluctuations in energy levels were common.

Water depths in

all cases were shallow as indicated by the fauna present and the lack
of sedimentary features associated with deeper marine sediments.

Some

of these rocks, such as the beach accretion beds at AL- 6 , may have been
deposited under intertidal conditions.

No evidence was found, however,

to suggest that these rocks were long exposed.

Oolitic Packstone/Grainstone (Lithofacies II)

Oolitic rocks are normally light colored (very light gray or pinkish
gray) and contrast strongly with surrounding, darker colored rocks of
the other lithofacies (Figure 11a).

This is well illustrated in fresh

outcrops and in quarries where oolitic beds can be easily spotted from
a distance on the basis of color alone.
Ooid grain size ranges from less than 0.20 mm (2.35 0) to over
2.00 mm (-1.00 0 ), but the average grain size, as calculated from a

point-count of 536 ooids in 18 thin sections, is 0.61 mm (0.72 0) which
is classed as a coarse-grained sand.

The average grain size of all

allochems (ooids, bioclasts, etc.) in those rocks containing more than
70% ooids is 0.52 mm (0.93 0).

There appears to be no direct relation

ship between grain size and oolite content of these strata, however
(Figure 12a).

Carr (1969, 1973), in an analysis of a Ste. Genevieve

Figure 11.

Photographs of oolitic lithofacies.
A.

Outcrop of thick oolitic package (0), exposed at
AL-3. Note its light color as compared to the
overlying, less oolitic strata.

B. Photomicrograph of well sorted and loosely packed
oolitic grainstone. Dominant ooid nuclei include
echinoderms (E), bryozoans (B), and pellets (P).
Plane light. Bar scale = 1.0 mm.
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oolite body near Orleans, Indiana, calculated that the

mean

ooid

grain

size is 0.36 ram (1.47 0), which is a bit finer than the Monteagle oolitic
sands.
Sorting in this facies varies only slightly.

Monteagle rocks which

are composed of more than 70% ooids are well sorted to moderately sorted
(0j = 0.43 0 - 0.80 0) (Figure 12b).

The average sorting value of the

Ste. Genevieve oolite body in Indiana is 0.90 0 (moderately sorted)
(Carr, 1969, 1973).
As a whole, echinoderm fragments, including crinoid ossicles,
echinoid plates and spines, constitute about 25% of the recognizable ooid
nuclei (Figure 1.1b).

Pellets and intraclasts make up 6.9% and 4.7%

respectively of the nuclei and bryozoans rank at 4.2%.
material is even less abundant.

Other skeletal

A large number of nuclei, classed as

micritic, consisted of micritized and unrecognizable skeletal material,
equivocal pellets, and intraclasts.

Sedimentary Structures in the Oolitic Facies
The oolitic lithofacies includes a high proportion of cross
stratified sedimentation units.

Large-scale, planar cross-beds (Omikron

cross-stratification)(Figure 13) predominate over large-scale festoon
cross-beds (Pi cross-stratification) (classification after Allen, 1968)
in this facies, but both are present.

The thickest cross-stratified set

observed in the study area was 2.44 m (Figure 13), but more commonly,
cross-sets range from 30-110 cm thick (Figure 13).

Most sets are

laterally persistent with some continuing along outcrop for at least
60 meters.

In some oolitic sand bodies, the thickest cross-sets are con

centrated at their bases and are overlain by smaller cross-sets.
trend does not characterize all oolitic units, however.
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Figure 13.

Photographs of cross-bedding in the oolitic lithofacies.
A.

Large-scale, planar cross-bedding.
defined laminated foresets.

Note the well-

B.

Cross-stratified set (2.4 m thick) exposed at TN-2.
Angle of foreset inclination is 12°.

C.

30 cm thick, planar cross-strata with low angle foreset
inclination.

D.

Low-angle, bi-directional cross-bedding exposed at AL-5.
Foreset material has been reworked into small-scale
cross-laminations (arrow).

Figure 13
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The angle of Inclination of foreset laminae averages 15.6° which is
less than the angle of repose for Holocene Bahamian submarine dunes
(Imbrie and Buchanan, 1965).

Foreset laminae have angular to slightly

tangential lower contacts and small toesets composed of coarse-grained
bioclastic debris (Figure 14).

Host avalanche units in the thickest

cross-sets are distinct and some can be traced down the entire length of
slip-faces.

The most distinctive avalanche units are usually the thick

est; some range from 2-4 cm thick while less distinctive laminae are
usually 1-2 cm thick.

In the largest foresets, avalanche units are com

monly graded from very coarse-grained, mixed bioclastic-oolitic sand at
the base to medium-grained sand at the top (Figure 14).

These features

indicate that the cross-bedding was produced by a series of prograding
delta-like foreset slopes.

The lateral continuity of cross-sets and

lack of scour beneath, them, in most cases, argues against an origin as
high, active migrating lunate dunes.

Distribution and Geometry of the Oolitic Facies
The oolitic lithofacies constitutes 34.8% of the total Monteagle
section throughout the study area and ranges from 17% to 55%.

For com

parison, in Indiana the Ste. Genevieve-Paoli Limestones, which are
stratigraphically equivalent to the Monteagle Limestone, consist of 22%
oolitic limestone (Carr, 1969, 1973).

In the southern part of the study

area, where the Monteagle loses its continuity and the percentage of
shale increases, the oolite content averages 27-28%.

Beyond that area

and toward the clastic facies further to the south, the total carbonate
and oolitic content drops off rapidly.

In the northern part of the

study area in Tennessee, the proportion of oolite rises to 55%.

Figure 15

is an isolith map of the composite percentage of oolitic limestone over
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Figure 14.

Photographs of foreset laminae in cross-bedded oolitic
lithofacies.
A.

Slightly tangential, coarse-grained toe-set and small
scour depression (arrow).

B.

Thick, graded laminae.

C.

Close-up of graded foreset laminae.
grade upward to finer ooids (F).

Coarse ooids (C)

{• V —jj
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the entire study area.

The map reveals a northeast-southwest concentra

tion of oolitic limestone and probably reflects those areas which were
more conducive to ooid growth and accumulation during Monteagle deposi
tion.

To check this map against operator bias and for accuracy, a symap

program was conducted utilizing the same data and data control points.
The results confirmed a northeast-southwest trend of the oolitic facies
in the Monteagle Limestone (Figure 16).
Oolitic rocks usually occur as cross-bedded packages averaging
3.6 meters thick and ranging from less than 1 m to as much as 9 m thick
(Figure 17a). More than half of the oolitic units show an upward decrease
in grain size.

Of the remainder, about half coarsen upward and half

neither coarsen nor fine noticeably upward.
Oolitic grainstone bodies usually overlie poorly sorted, muddy
limestone units with a sharp and even contact.

In most cases the con

tacts are not erosional even though the lowest oolitic beds may contain
material reworked from the subjacent units (Figure 17b).

The upper con

tacts of oolitic units are equally sharp and most commonly separate the
oolitic strata below from overlying dolomitic and lime mudstones.

This

succession of muddy skeletal carbonate overlain by oolite and dolomiticlime mudstone respectively was observed throughout the study area and
probably represents a lateral association and overlapping of migrating
facies.
Most outcrops visited during this study are less than 30 m wide and
in these outcrops none of the oolitic packages were seen to thicken or
thin.

Between measured sections, however, correlation is difficult,

indicating that individual oolite units are not regionally extensive
sheet-like deposits.

One pinch out of a thick oolite body is present
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Figure 15.

Isolith map of the oolitic lithofacies in the Monteagle Limestone.
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at section TN-4 (figure 17c-d).

At this locality, the uppermost 9 m-

thick oolite unit of a composite oolite section thins westward across
the quarry face and is overlapped by marly skeletal wackestones-packstones and masses of coral boundstone.

The thinning edge of the oolitic

package is a 9 m-thick set of inclined strata.

However, these rocks

occur in a vertical quarry face 30 m above the quarry floor and are
inaccessible for thorough examination.
Both Vail (1959) and Peterson (1962) noted that, where correlation
is possible, oolitic strata are most easily correlated in a northeastsouthwest direction.

The same conclusion was reached in this study.

A succession of thick oolitic sand bodies was observed at similar eleva
tions and stratigraphic intervals at two relatively close sections,
TN-2 and TN-4; a line connecting these two outcrops trends northeastsouthwest (Figure 18).

Furthermore, a few kilometers south of TN-4, at

Anderson, Tennessee, an active underground limestone mine is removing
material from an oolitic unit in the same interval in the Monteagle
Limestone (R. E. Bergenback, 1974, personal communication).

This unit

may represent a southern extension of this oolitic interval.

The total

distance from this mine to section TN-2 is 25 km; however, at TN-3 which
is 10.8 km \-;est of TN-2, these strata are not present.

Finally these

strata are not present at a site less than 1 km southeast of section TN-4
(Sherwood quarry operator, 1976, personal communication).

Further sug

gestion of northeast-southwest orientation of oolitic packages can be
seen in Figure 19.

Thick oolitic units occur at similar intervals at

both AL-3 and AL -6 but not at AL-1; perhaps this exception is too far
west and beyond the western limits of a seemingly northeast-southwest
oriented sand body.

It appears that during the Late Mississippian period,

Figure 17

Photographs showing geometry and contact relationships
of the oolitic limestones.
A.

Three stacked oolitic sand bodies at section TN-4.
Each oolitic unit is approximately 9 m thick. Dolomite
(D) and shale (S) separate each unit. Lowest package
overlies echinoderm-bryozoan facies.

B.

Contact (arrow) between laminated lime mudstone below
and overlying oolitic grainstone. Clasts of mudstone
(C) are reworked into the grainstone.

C.

Section TN-4. 9 meter thick oolitic unit with
accretion (?) beds (arrow) dipping toward the west.

D.

Close-up of westward dipping beds at section TN-4.
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Figure 18.

Stratigraphic cross-section from section TN-3 - TN-2 - TN-4.
Lithologic symbols are explained in Appendix C.
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Figure 19.

Stratigraphic cross-section from section AL-1 - AL-1 - AL-5
and AL-6 . Lithologic symbols are explained in Appendix C-^.
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a belt of oolitic sand formed along a northeast-southwest trend and was
composed of numerous linear sand bodies which also were oriented
northeast-soutlwest.

Paleocurrents and Interpretation
A paleocurrent rose diagram for cross-stratification in the oolitic
strata of the Monteagle Limestone shows a marked bipolar paleocurrent
pattern (Figure 20).

The most prominent modes occur between N and

N60°E and S to S60°W, but minor modes occur in all quadrants of the
compass.

Bipolar current roses are characteristic of estuarine and

marine tidally-influenced sands (Pettijohn, et al., 1973).

If individual

azimuths of cross-bedding in the oolitic facies at each outcrop are
plotted on a composite oolite percentage isolith map (Figure 21), another
pattern emerges.

Measured sections showing marked bipolarity in the

oolitic strata also contain the highest proportion of oolitic limestone.
Sections with an oolite content below about 30% shox-7 polymodal and unimodal paleocurrent distributions.

Inasmuch as these areas are closely

situated to the region of carbonate-clastic facies change, and because
the clastic province to the southwest is generally thought to represent
a barrier bar, marine bay and possibly deltaic complex, the type of
paleocurrent patterns seen there are not totally unexpected.

Under the

influence of high energy currents and waves, oolitic sands migrated and
spilled southwestward into this broad and shallow low energy region and
the transporting currents and waves were quickly dissipated and modified
by the quieter broad expanse of shallow water behind the oolitic sand
belt.

Refraction of waves and currents carrying ooids into this environ

ment probably contributed to the development of the polymodal patterns
seen in the oolitic sands there.

Where the patterns are more unimodal,

N =104

Figure 20.

Paleocurrent rose diagram for oolitic facies. Data are
grouped into 30° intervals. Number of measurements (N)
= 104.
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Figure 21.

Paleocurrent map of oolitic facies at each outcrop section and superimposed oolite
isolith (same as Figure 15). Paleocurrent data from westernmost outcrop near
Decatur were taken from oolitic limestones in the Pride Mountain Formation.

circulation was probably dominated by unidirectional tidal currents,
giving an indication of the relative importance that flood versus ebb
currents had there.
From the bottoms to the tops of individual oolite bodies, paleo
current azimuths consistently reverse.

The lower cross-stratified beds

are usually directed either northward or southward, but not both, where
as the upper cross-strata dip in the opposite direction.

There are

virtually no herringbone or bi-polar cross-strata in the lower or upper
portions of sand bodies.
Paleocurrent reversal patterns in vertical profiles may conceivably
have been created by one of four mechanisms.
1.

For a given oolite bar and at the site where groxvth was initi
ated, only one current (flood or ebb) was present, and as the
bar grew, it may have migrated into an area where only the re
verse current existed.

Alternatively, the sand body may have

remained relatively stationary and the currents may have mi
grated into an area where only the reverse current existed.
Alternatively, the sand body may have remained relatively
stationary and the currents may have migrated.

It is not

likely, however, that for a given site only one current would
have been present.

Klein (1970) has shown that tidal passes

between intertidal sand bars in the Bay of Fundy may be domi
nated by either ebb or flood currents but both are present.
Under this mechanism it would be required that in a pass con
taining flood currents, only slack water would be present there
while ebb currents flowed through other tidal passes.

It is

difficult to imagine a series of passes that could not accom
modate some amount of reverse flow.

If under the other

alternative, sand bodies remained relatively stationary and
only currents shifted positions, passes would still have to
have been occupied by only one current.

Furthermore it is

difficult to explain how currents could have so consistently
shifted positions when bars reached a particular stage of
growth.

The most convincing argument against either alterna

tive, however, lies in the question, why did the bars or cur
rents only shift once rather than two or more times?

There is

no reason to suspect that multiple shifts could not have
occurred under this mechanism, and should have resulted in the
creation of multiple paleocurrent reversals in a vertical pro
file.
As a bar grew under the influence of one dominant current, its
own shape and size may have caused a local reversal in current
flow by creating obstructions and major eddy currents.

Eddy

currents cannot exist without the presence of a countercurrent,
which requires that any paleocurrents created by eddy current
flow would also be closely accompanied by paleocurrents con
structed by countercurrent flow.

As a result, a strict vertical

separation of paleocurrent azimuths in the resulting sand body
should not be present.

Finally, because eddy currents are a

minor component of a unidirectional net flow system, cross
stratification created by eddy flow should not form a major
paleocurrent mode unless its preservation potential is great.
The strength, of tidal current flow in coastal environments is
partially dependent upon climate and the amount of continental
drainage there.

In an arid coastal lagoon where evaporation

is intense, there is a net flow of marine water into the
lagoon to replace that which is lost to evaporation.

As a

result the flood currents should dominate but because incoming
normal marine water would be lighter than the dense saline
lagoon water, a stratified column of dense saline water and
light marine water on top should be created.

Along humid

coastlines, and where there is a significant amount of drainage
into lagoons from adjacent land masses, a net seaward flow of
water must occur.

As a result flood currents may not be as

strong as the ebb currents due to the greater volume of water
pouring into the lagoon as continental runoff.

These two

mechanisms, however, probably did not play a major role in the
development of Monteagle paleocurrent reversal patterns.

There

is no evidence in the Monteagle or its equivalent facies to
suggest the prior existence of a hypersaline lagoon nearby.
Therefore significant evaporation and the development of density
stratification in tidal currents vould not have occurred.

Also

the Monteagle Limestone was deposited far enough away from
major coastal lagoons so that the effect of continental runoff
would have been minor and may not have played a role at all.
The paleocurrent reversal pattern is best explained by a con
sideration of the relative strength of ebb versus flood currents
which swept across the shallow epeiric shelf (Figure 22).

At

any particular location, either the ebb or flood current, but
not both, would probably have been stronger and able to reach
bottom and move sand-sized sediment.

It was this stronger

current which initially constructed and modified the oolitic

TIDAL BAR EVOLUTION
PALEOCURRENTS

PHASE I
INITIAL BUI L DU P A ND COA L ES C EN CE O F S HALL SAND WAVES,
F OL L O W E D B Y G R O W T H A N D U N I D I R E C T I O N A L M I G R A T I O N O F
T I D A L B AR IN R E S P O N S E T O

T S O N C E R F L O O D CUR R EN T .

M I G R A T I O N T A K E S P LA C E B Y S P I L L O V E R I N T O L O W E R
ENE R CY . D E E P E R W A T E R IN S H A D O W ZONE.

P H A S E II
C O N T I N U E D B U I L D U P A N D E XP A NS I ON .

FLOOD CURRENTS

DEV E LO P PREFERRED FLOW PATHS A ND BEC O ME C ONFINED
T O D I F F E R E N T L E V E L S A N D C HA N NE L S.

INTERCHANNEL

BARS G RO W AND AS T HE W ATER DEPTH DECREASES O VER T HE
C RE S T. E B B C UR R E N T S B E G I N T O I N F L U E N C E T H E MORfflOI.OCY O F T H E B AR A N D C R E A T E S R E V E R S A L O F P A L E O 
CURRENTS .

P H A S E III

o

Figure 22.
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Development of oolitic tidal bars in the Monteagle Limestone.

C R E S T S O F T I D A L B AR B U I L D S U P A B O V E S E A L F V E L A N D
T I D A L F LA T S D E V E L O P T HERE.

F L O O D C UR R E N T S H A V E

A BANDONED THE BAR CREST CHANNELS A ND N OW FLOW B E 
T W E E N T I D A L B A R S IN T H E D E E P E R W A T E P .

T H E ONLY

M A J O R S E D I M E N T T R A N S P O R T O C C U R S I N S H A L L O W E BB
C HA N NE L S.

T ID A L FLATS P ROCRADE AS C HANNELS MIG R AT E

A N D A B A N D O N T HO t S E L V E S .
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sand bars.

As a result, the basal cross-strata were created

by the unidirectional stronger current.

As the bar built up

and expanded, the crest came under the increasing influence
of the weaker, and shallow reverse current which generated
cross-stratification dipping in the opposite direction to the
basal cross-strata.

The stronger currents abandoned flow over

the crests of bars and shifted to deeper areas between bars
where the flow could be accommodated more easily.

Dolomitic Mudstone and Lime Wackestone/Mudstone (Lithofacies III and IV)

Rocks belong to Lithofacies III and IV are neither thick nor abun
dant, but in most outcrop sections they are located immediately above
major oolitic units and form easily recognizable stratigraphic sequence.
Identification of dolomites capping oolitic units is facilitated by
their distinctive colors and contrast.

Dolomites are usually pale to

dusky yellowish brown and lime wackestones/mudstones are light olive
gray.
Dolomites usually occur as finely laminated to massive or struc
tureless beds about 1 m thick, whereas lime wackestone/mudstone units
average 15 cm to 1/2 m thick and may also be finely laminated or struc
tureless (Figure 23).
The upper and lower contacts of these units are sharp and may be
even or uneven.

At sections TN-1 and TN-2, outcroppings of dolomitic

mudstone have lobate basal contacts with underlying shales (Figure 24).
In one outcrop, a thin sheet of shale is sandwiched between dolomites
with highly lobape contacts (Figure 24b).

These lobate contacts were

apparently formed by soft sediment deformation or loading.
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Figure 23.

Photographs of lime wacke-mudstone.
A.

Lime wackestone and intercalated

laminae of lime packstone.

B.

Burrowed, homogeneous lime wackestone. Birdseye
structures (B) and minor fossil debris are present.

C.

Algal laminations in thin lime wacke-mudstone which
caps an oolitic sequence at TN-2.
Buckling of laminae
(arrows) may have been caused by gas escape and/or
dessication.
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Figure 23

Figure 24.

Photographs of lobate bedding features in dolomite.
A. Bulbous, lobate contact between dolomite and shale.
B.

Undulating shale seam in dolomite.
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Figure 24
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Rocks belonging

to Lithofacies III and IV are not extensive.

outs and gradational

changes to rocks of different lithology are

common and occur over short distances.

Pinch

At section AL-2 a lime mudstone,

capping an oolitic sequence, is traceable for about 15 meters before
pinching out; and where present, the unit thickens and thins over
uneven upper contact

of the oolitic unit.

the

Thinning over short distances

can also be seen at sections TN-2 and AL-5.
correlate thicker sections for some distance.

It is possible, however, to
Sections Al-4 and AL-7

are about 5 km apart and at similar stratigraphic intervals at both
outcrops a thick (6-8 m) section of lime-dolomitic mudstone is present
(Figure 25).

At section AL-4, near the base of the lime-dolomitic mud

stone section, a channel 1.25 m deep was cut into the dolomite and filled
with thin-bedded lime mudstone (Figure 26).

Just above the channel-fill

sequence is a southward inclined and truncated, 3 m thick section of
lime wackestone and mudstone.

The truncated upper part is overlain by

dolomitic mudstone (Figure 26b).
Monteagle dolomitic mudstones are composed of anhedral and euhedral
rhombic crystals of dolomite, ranging from 5 to 15 microns in diameter
(Figure 27).
facies.

Larger crystals constitute a small proportion of the

Staining by a solution of potassium ferricyanide (Friedman,

1959) revealed that most of the dolomite is just slightly ferroan.

In

thin section much of the dolomite matrix is cloudy and dark brown; how
ever, there are more lucid crystals of dolomite present also.

The lime

wackestones/mudstones have a matrix of brown, micritic calcite with
scattered small quantities of allochems (Figure 27).
Allochems are not abundant in either facies, but where present
they include intraclasts, pellets, ooids, ostracods, echinoderms and
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AL-4

AL- 7

3m
1km

AL-7®

Figure 25.

Stratigraphic cross-section from section AL-4 to AL-7.
Lithologic symbols are explained in Appendix C^.
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Figure 26.

Photographs of field relationships of lime wacke-mudstone
and dolomite at section AL-4.
A.

Lime mudstone (M) channel-fill. Contact is identified by
arrows. Channel has cut through dolomitic mudstone (D).

B.

Inclined lime wackestone beds truncated at the top and
overlain by dolomitic mudstone. Upper contact is
identified by a dashed line.
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Figure 26

i

Figure 27.

Photographs of dolomitic and lime mudstone facies.
A.

Subhedral-euhedral dolomite rhombs.
Bar scale = 0 . 2 mm.

Plane

light.

B.

Lime mudstone with minor bioclastic debris such as
ostracods (0), and quartz silt (Q). Plane light.
Bar scale = 0.2 mm.

C. Micro-brecciated dolomitic mudstone.
D. Close-up of micro-brecciated dolomitic mudstone.
Matrix is composed of 5-10 micron dolomite. Breccia
clasts are cemented primarily by sparry calcite.
Plane light. Bar scale = 1.0 mm.

Figure 27

CJI
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bryozoans.

Intraclasts are composed of dolomitic micrite derived from

the host dolomite.

They occur as rounded and breccia like fragments

and are as large as 1-2 cm in diameter (Figure 27).

Lime mudstones

usually do not contain well defined clasts, but may instead have large,
lumpy-like pseudo-intraclasts.

The lack of well defined borders and

evidence for transportation of the clasts suggest that they were pro
duced in situ. Matter (1967) described similar clasts occurring in an
Ordovician supratidal sequence, and he suggested that they may have been
produced by desiccation.
burrowing.

Another possible mechanism may have been

In the tidal flats of Andros Island, Bahamas, shallow ponds

of water have been dammed up behind natural levees rimming tidal chan
nels (Shinn, et a l ., 1969).

Carbonate mud collects in these ponds and

is burrowed shortly thereafter.

As was shown earlier, the Monteagle

mudstones occur on the crests of oolitic tidal bar sequences.

If the

crests of these bars were subaerially exposed, there may have been the
opportunity for small ephemeral ponds to form and accumulate carbonate
mud.

If the ponds were not hypersaline, organisms may have been present

and could have burrowed the sediment creating the lumpy pseudo-intra
clasts .
Microcrystalline calcite and dolomite coatings around allochems
were observed in some of the dolomitic mudstones.

These coatings are

thin, ranging from 30 to 60 microns thick, and encircle both calcite
and dolomitic grains (Figure 28a).

In one example (Figure 28b), dark

dolomicrite crusts encircle oomolds now filled with sparry calcite and
dolospar.

The molds are both self-supported and matrix-supported, and

in some places the rims are partially collapsed.

Other examples of

micrite coatings around allochems in matrix-supported rocks are best
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Figure 28.

Photographs of fossil molds, oomolds and birdseye
structures.
A.

Thin dolomicrite coating around dolomitized crinoid
fragment. Plane light. Bar scale = 0 . 2 mm.

B.

Oomolds surrounded by dolomicrite crusts (arrow) and
filled with calcite (C) and dolomite (D). Partially
collapsed crust (arrow). Plane light. Bar scale = 1.0 mm.

C.

Birdseye structures in lime mudstone. Note the rounded
cobble reworked into overlying strata.

D.

Irregularly shaped birdseye cavity filled with sparry
calcite. Plane light. Bar scale = 1 . 0 mm.

Figure 28
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Figure 29.

Photographs of root tubules (?) in doloiuitic mudstone.
A.

Polished slab with abundant tubules.

B.

Photomicrograph of root tubule. Slightly lighter
colored rind or halo of calcareous dolomite (D)
encircles spar-filled tubule. Plane light. Bar
scale = 0.4 mm.
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Figure 29

known from Holocene and ancient caliche deposits (James, 1972; Inden,
1972; Read, 1974; Walls, et al ., 1975).
Fenestral fabrics are abundant in both facies and include three
types.

Birdseye structures are small, planar to spherical or irregu

larly shaped vugs which may be partially filled or floored with micrite
but are usually filled with sparry calcite cement (Figure 28).

They

are most commonly produced by desiccation shrinkage and the pressure of
gas bubbles in soft supratidal muds (Shinn, 1968).

The generation of

gas by the decomposition of organic matter may lead to the formation of
spherical vugs in an isotropic stress field, whereas shrinkage and
swelling, due to alternate wetting and drying, may produce planar vugs
(Shinn, 1968).

A second type of fenestral fabric in Lithofacies III

and IV are tubular-shaped structures ranging from 1-2 mm long (Figure 29).
They are completely filled with either sparry calcite or a combination
of micrite and sparry calcite.

A halo or rind of slightly calcareous

and lighter colored dolomitic micrite surrounds many of these tubules
which resemble root tubes found in calcareous crust profiles of Florida
(Multer and Hoffmeister, 1968) and Barbados (James, 1972).

The third

type of fenestrae are non-tectonic, macro- and micro-fractures in the
dolomitic mudstones.

They occur as large vein-like fractures filled

with sparry calcite or as micro-sized, hair-like fractures criss
crossing micrite and rarely circumscribing grains (Figure 30).

Iden

tical small fractures have been described by Inden (1972) from marine,
fung-algal caliche beds in the Cow Creek Limestone (Lower Cretaceous),
and by Walls, ed ad.

(1975) from Lower Carboniferous caliches.

scale, calcite-filled fractures may have originated
and cracking

Large-

through desiccation

of partially consolidated sediment and subsequent precipi

tation of calcite in the ensuing void space.

Another possible

explanation is that these sediments contained evaporites, and upon their
removal by dissolution, some of the sediment may have collapsed.
sulting voids or cracks were later filled with calcite cement.

Re
In some

cases these fractures tend to parallel bedding and yet others are dis
cordant.

At TN-3 concordant and discordant fractures criss-cross

forming a breccia-like pattern in the dolomicrite.
At one time early diagenetic evaporite minerals may have been
abundant in the dolomite facies.

However, in most cases, exposure and

subsequent dissolution of these minerals have left only indirect traces
of their presence.

These traces include numerous nodular-like vugs in

the dolomite which are now partially to completely filled with sparry
calcite, euhedral dolomite, and several varieties of quartz (Figure 31).
At sections AL-7 and AL-13 some nodules contain celestite (SrSO^)
(Figure 31) and purple fluorite.

Celestite has also been found in dolo

mites of the sabkha flats on the Trucial coast of Saudi Arabia (Evans
and Shearman, 1964; Illing, et al., 1965).

In many cases nodules have

coalesced forming chicken-wire structure, a fabric produced by crystal
growth and displacement of soft mud (Hurray, 1964; Shearman, 1966).
This fabric is common to nodular anhydrite growth in Holocene sabkhas
of the Persian Gulf (Shearman, 1966; Kinsman, 1969; Kendall and Skipwith,
1969).
The presence of nodular evaporites or pseudomorphs after evaporites
in ancient rocks is frequently used as an indicator of paleosabkha en
vironments (Dickinson, 1968; Lucia, 1972; Wilson, 1975).

However, nodu

lar anhydrite is not exclusively formed in supratidal environments
(Dean, et_ al^. , 1975); it has also been reported from basin evaporites
(e.g., Castille Formation).

Caution must therefore be exercised when

Figure 30.

Photographs of macro- micro-fractures in dolomitic mudstone.
A.

Irregular fracture circumscribing intraclast.
light. Bar scale = 1 . 0 mm.

Plane

B.

Bedding surface of dolomite with irregular vertical
fractures filled with spar and micrite.

C.

Concordant and discordant large fractures in dolomicrite.

Figure 30

Figure 31.

Photographs of evaporite nodules from the dolomite
facies.
A.

B-C.

Coalesced evaporite nodules partially filled with
quartz and dolomite.
Celestite nodules in burrowed dolomite matrix.
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Figure 31
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their presence in ancient rocks is used as an environmental indicator.
The presence of length-slow chalcedony in ancient rocks has been
used to interpret the former presence of evaporites or sulfates (Folk
and Pittman, 1971).

Length-slow chalcedony occurs in evaporite nodules

of the dolomite facies.

Because length-slow chalcedony has replaced

calcite, dolomite, celestite and possibly gypsum, it must be a rela
tively late stage diagenetic product.

However, length-slow chalcedony

is not exclusively associated with evaporites because it commonly occurs
within allochems of the subtidal echinoderm-bryozoan facies.

Similar

occurrences have been noted elsewhere (Siedlecka, 1972; Jacka, 1974).

Interpretation
The stratigraphic position of strata belonging to Lithofacies III
and IV above major oolitic tidal bars and their internal textures and
fabrics suggest that they were deposited in three intertidal-supratidal
settings.
1.

Intertidal flats with tidal channels and ponds on oolitic
tidal bar crests.

2.

Supratidal flats and sabkhas on crests of oolitic tidal bars.

3.

Bar crest paleocaliche.

Tidal Flat and Sabkha Environments:

Intertidal-supratidal carbonate

sediments are unique in view of the processes responsible for their depo
sition and for the suite of sedimentary and diagenetic features created
during and after deposition.

Part of this uniqueness may be attributed

to the fact that these sediments record the periodicity of sedimentation
as well as the effects of subaerial exposure (Lucia, 1972).

A number of

excellent studies have documented the characteristics of Holocene tidal
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flat environments (Shinn, et al., 1969; Illing, e_t al., 1965; Curtis,
et^ al. , 1963; Deffeyes, et_ al., 1965), and carbonate tidal flats were
important environments in the geologic past (Roehl, 1967; Matter, 1967;
LaPorte, 1967; Dickinson, 1968; Young, et_ al^., 1972).
A comparison of the characteristics of Holocene and ancient tidal
flat carbonate sequences and those of Monteagle Lithofacies III and IV
(Table 1) illustrates the strong correlation between these rocks and
suggests that Lithofacies III and IV were deposited in a tidal flat
environment.
These lithofacies are nearly always situated directly above oolitic
sand bodies.

Elsewhere, Horne, et^ al. (1974) suggested that dolomites

and micrites capping oolitic sand bodies in Kentucky formed in a supratidal environment.

A similar interpretation was presented by Palmer

and Jenkyns (1975) for non-dolomitic micrites capping a Jurassic calcarenite mound in England.

A tidal flat interpretation is further

strengthened by the expression of many Holocene oolitic tidal bars as
permanent islands in the shallow parts of the Persian Gulf and as shoals
which are awash at low tides there and in the Bahamas (Purser, 1973;
Ball, 1967).

If the Monteagle oolitic tidal bars were similarly exposed,

an ideal opportunity was presented for carbonate tidal flat sedimentation
to occur.
In most cases tidal flat sedimentation was short-lived and formed
a thin veneer of sediment on the bar crests.

Occasionally, however,

tidal flat sedimentation continued uninterruptedly for some time and
thicker sequences of mudstone and wackestone were deposited.

Strati-

graphically equivalent tidal flat sequences, which are exposed at sec
tions AL-4 and AL-7, are thicker than the underlying oolitic sands.

HOLOCENE AND ANCIENT

LITHOFACIES III

LITHOFACIES IV

Dolomite

Dolomite

Absent

Lime mud, pelleted mud

Absent

Micrite

Laminations

Present

Common

Algal laminations

Present

Present

Root hairs or tubes

Present

Present

Fenestral fabrics

Present

Common

Mud cracks

Present (?)

Present

Evaporites

Common

Absent

?

Burrowing

Present

Pebble conglomerate

Absent

Rare

Storm layers

Absent

Present

Table 1.

Physical characteristics of Holocene and ancient intertidalsupratidal deposits and comparison with Monteagle deposits.
Information gathered from Shinn, et^ al., 1965, 1969; Illing,
et al., 1965; Curtis, et al., 1963; Deffeyes, et al., 1965;
Lucia, 1972; Perkins, 1963; Dickinson, 1968; Wilson, 1975;
Roehl, 1967; Matter, 1967; LaPorte, 1967; Young, et al., 1972.
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NORTH

SOUTH

AL-7

AL-4

Initial construction of oolitic tidal bars.

B.

C.

Migration and coalescence of bars.

Subaerial exposure on crests.

Progradation of intertidal muds on bar crest toward the south.
cessation of ooid sedimentation.

Subsidence and

J_ -

10 m

D.

Continued vertical growth and subsidence of sediment mass.
2 km

Figure 32.

Development of thick intertidal-supratidal sequence at
sections AL-4 and AL-7.
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Apparently tidal flat sedimentation and progradation was able to keep
pace with subsidence in these areas (Figure 32).

Bar Crest Paleocaliche:

Some of the Monteagle dolomites have

fabrics and textures that can best be explained as having formed by
solution and redeposition of carbonate minerals in the subaerial en
vironment and forming paleocalich.es.

Like the tidal flat deposits,

Monteagle paleocaliches are also closely associated with the crests
of oolite bars.

Table 2 compares features from Monteagle paleocaliches

with documented Holocene and ancient caliche deposits.

In the Monteagle,

vadose pisolites (Dunham, 1969; Read, 1974) and laminated crusts
(Multer and Hoffmeister, 1968) are not present, but, as pointed out by
Smith (1974), variability in caliche profiles partly reflects their
maturity and partly stems from interrelated physical factors which
include the nature of the parent material, the amount and chemical
composition of infiltrating water, and local climate.

Moreover,

according to Reeves (1970), laminated and pisolitic structures are
formed only in the latest stages of caliche formation.

This suggests

that Monteagle paleocaliches did not reach a mature stage.

Another

factor that must be considered is the. amount of water which was available
to these deposits during calichification.

Read (1974) claims that the

massive calcrete zone in Shark Bay, Australia, has developed in the zone
of most frequent wetting.

Monteagle paleocaliches are interbedded with

tidal flat and bar crest deposits, which almost certainly formed at
elevations less than 1 m above mean sea level, and indicates that the
Monteagle paleocaliches were strongly influenced by marine and mixed
marine-meteoric water.

HOLOCENE AND ANCIENT

MONTEAGLE LIMESTONE

Fine-grained calcite and dolomite

Dolomite

Laminated crusts

Absent

Evaporites

Common

Tubular molds and roots

Present

Nodular zones

Absent

Tepee zones - buckling

Absent

Breccia

Common

Pisolites

Absent

Micrite-coated grains

Common

Circumgranular cracks

Present

Non-tectonic fractures

Common

Table 2.

Physical characteristics of Holocene and ancient caliche
deposits and comparison with Monteagle deposits. Information
gathered from Dunham, 1969; Read, 1974; Multer and Hoffmeister,
1968; Reeves, 1970; James, 1972; Inden, 1972; Walls, et al. ,
1975.
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Pellet Wackestone/Grainstone (Lithofacies V)
Because of their fine-grained texture and close stratigraphic
association with Lithofacies III and IV, pelleted carbonates in the
Monteagle Limestone are difficult to differentiate and recognize in
the field.

Many samples were identified as mudstones in the field, and

upon re-examination in the laboratory, were found to be pelleted
wackestones or grainstones (Figure 33).

The dominant allochems are

pellets ranging in size from about 0.03 mm to 0.30 mm and averaging
about 0.15 mm.

Subordinate amounts of bioclastic allochems (echino-

derms, bryozoans, brachiopods, calcispheres, ostracods, and foraminifera)
and intraclasts and ooids are also present.
Individual pellets have well defined borders and are composed of
micritic carbonate and variable amounts of fine bioclastic debris.
Generation of pellets from an original unpelleted lime mud may have
occurred in several ways.
1.

Sediment ingestion and passage through the gut of mud-feeding
browsers.

2.

Reworking and abrasion of rip-up mud clasts.

Bathurst (1971) suggested that pellet-like allochems may also be pro
duced by complete micritization of fossil allochems, and Beales (1965)
suggested that organic agglutination may also produce pellets.

Inasmuch

as the pellets observed in the Monteagle Limestone are also composed of
fine bioclastic debris, processes such as flocculation of suspended mud
and inorganic precipitation were probably not as important as the
mechanisms listed above.
Pelleted carbonate strata in the Monteagle Limestone commonly over
lie oolitic grainstone units and are interbedded with lime and dolomitic
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Figure 33.

Photographs of pellet pack-grainstone facies.
A.

Photomicrograph of well sorted pellet grainstone.
Plane light. Bar scale = 0.2 mm.

B.

Polished slab illustrating irregular laminations
in pellet packstone.

C.

Algal material in muddy pellet facies.
Bar scale = 0.2 mm.

Plane light.
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mudstones.

Lenses of pelleted grainstones may also occur within an

oolitic grainstone unit.

These pelleted strata usually contain sedi

mentary structures that are similar to those found in the dolomites and
lime mudstones.

Bedding is usually wavy or finely laminated (Figure 33)

and rarely cross-laminated.

Large cavities or loferites (Fischer, 1964)

are commonly filled first with laminated mud followed by sparry calcite
cement.

These cavities are too irregular in shape to be burrows, but

instead could have formed as a result of desiccation under subaerial
conditions or as a result of algal mat growth.

Cavernous algal lamina

tions are present in these strata as are laminae with winding algal
tubules (Figure 33).

Interpretat ion
Similar to portions of Lithofacies III and IV, the pelleted
wackestones/grainstones were deposited primarily in intertidal zones
atop major oolitic tidal bars.

Primary evidence comes from the presence

of birdseye structures or loferites, algal laminations, the stratigraphic
position of these beds immediately above oolitic grainstone units and
the close association of lime and dolomitic mudstones with pelleted
limestones.

Coarser-grained oolitic laminae which are intercalated with

pelleted limestones were probably deposited from high tides or stormy
waves on tidal flats.

Clay-Shale (Lithofacies VI)

The clay-shale facies makes up only 5% of the total Monteagle sec
tion and ranges from less than 1% to as much as 14% in any one strati
graphic section.

The amount of shale is greatest in those sections near

the Pride Mountain-Monteagle facies change.

Much of the Monteagle shale
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thus represents tongues and lenses of Pride Mountain and Floyd Shale.
Peterson (1962) identified an assemblage of chlorite, vermiculite,
montmorillonite, illite and corrensite in Upper Mississippian clay sam
ples from the Cumberland Plateau.

Illite with minor kaolinite was iden

tified by McLemore (1972).
Continuous, unbroken sections of shale do not exceed 3 m in thick
ness.

More commonly, these strata average about 1-2 m in thickness and

are interbedded with lenticular bedded and channel-fill echinodermbryozoan packstone units.

Interpretat ion
The mutual association of clay shale with either subtida.1 skeletal
carbonates or supratidal dolomitic mudstones suggests that clay-shales
were,

deposited in two principal settings - low energy subtidal and high

supratidal.

Channel- and accretion-bedded echinoderm-bryozoan pack-

stones, which are interbedded with fossiliferous shales, probably
represent local high energy zones overlapping into a dominantly low
energy subtidal environment.

In contrast, the supratidal clay-shales

were deposited by suspension settling from stranded high tides or
ephemeral ponds on the highest parts of tidal flats, and later concen
trated as an insoluble residue by calichification of subaerially exposed
carbonate and clay sediment.

SUMMARY OF MONTEAGLE DEPOSITIONAL ENVIRONMENTS AND VERTICAL SEQUENCES

Lithofacies of the Monteagle Limestone tend to occur repeatedly,
but not regularly, in orderly sequences.

Strata belonging to the

echinoderm-bryozoan facies are commonly overlain by thick oolitic
grainstone units which are succeeded by, lime-dolomitic mudstones and,
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in some places, pelleted limestones.

Complete sequences do not occur

at all outcrops; one or two lithofacies can be absent.

In outcrop

oolitic-dolomitic units may occur repeatedly without the basal echino
derm-bryozoan packstones.

Furthermore, some of the oolitic sequences

are not capped by lime-dolomitic mudstones.

Most of the characteristic

textures, fabrics, and sedimentary structures of each lithofacies are
usually present.

The characteristics which are least consistently

present include fine laminations in the lime-dolomitic mudstones and
the upward decrease in size of cross-bedding within oolitic sequences.
The association and sequences of lithofacies and their character
istic textures, fabrics and sedimentary structures afford an opportunity
for the formulation of a hypothetical sedimentary sequence (Figure 34).
This sequence records:
1.

the presence of a gently sloping to flat sea floor in an open
marine system inhabited by numerous benthic fauna and swept
by gentle to periodically strong currents;

2.

the initial buildup of a topographically high, elongate
oolitic sand body migrating by spillover under the influence
of a strong tidal current, and subsequent modification of the
upper part of the sand body by reverse tidal currents;

3.

continued buildup of the bar crest to sea level, exposure and
deposition of fine-grained lime muds on tidal flats;

4.

and early dolomitization of supratidal muds, precipitation of
evaporite minerals and calichification of bar crest sediments.

UPPER MISSISSIPPIAN PALKOGEOGRAPHY - EASTERN UNITED STATES
It has long been recognized that much of the Upper Mississippian
strata in the eastern United States is composed of shallow marine,

1 m
TEXTURES AND FABRICS

Figure 34.

SEDIMENTARY
STRUCTURES

PALEOENVI RONMEN'T

Dolomitic mudstone and shale
with evaporite nodules,
macro- micro-fractures, f-enestral fabrics. I.ime mudstone-wackestone

Massive - finely
laminated. Loaded con
tact with shale. Chan
nel -iill .

Supratidal, on crest
of oolitic tidal bars.
Ephemeral pond, tidal
creek and flat, cali
che.

Lime mudstone and/or pellet
wackestone-packstone.

Finely laminated,
platy beds, birdseve
structures, burrows.

Intert idal-supratidal,
on crest of oolitic
tidal bars

Oolitic grainstone:
Coarse
to medium-grained; well
sorted; may fine upward
in grain size; variable
admixture of bioclasts,
intraclasts, pellets.

Large-scale, tabular
cross-bedding; largest
cross-sets at the base
overlain by smaller
cross-sets.

Muddy, poorly sorted echinoderm/bryozoan packstone
and fossil, interbedded
shale.
Blue chert nodules.

Medium-bedded, rarely
cross-bedded.
Hori
zontal and inclined
burrows are common.

Subtidal - intertidal
oolitic tidal bar.

Low energy, subtidal
Shallow depth.

Hypothetical vertical sequence of facies associated with
oolitic tidal bar.
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cross-bedded oolitic limestone.

The widespread development of these

strata attests to the far-reaching extent of Mississippian epeiric
seas in this region.

A major problem confronting students of Mississip

pian paleogeography is how to explain the widespread occurrence of these
high energy deposits and the strong tidal currents which influenced
their deposition in areas seemingly not situated close to major bodies
of deep water.
Cool, nutrient-enriched waters were probably required to provide
the large amounts of food required by the vast numbers of associated
organisms and a tremendous volume of CaCC^-saturated water must have
been available to these organisms and for the chemical precipitation
of widespread oolitic deposits.

If these waters originated in the deep

Ouachita trough and flowed northward into the Upper Mississippi Valley
(Figure 35), most of the energy and nutrients would seemingly have been
lost due to warming in shallow water, friction with the bottom and uptake
of nutrients by organisms.

It would seem too that as upwelling waters

warmed during its flow up the Upper Mississippi Valley most of the car
bonate would have precipitated there.

Apparently, however, this was not

the case as indicated by the widespread nature of these deposits.
Access to the Appalachian basin from the west was probably limited
by the Cincinnati arch and the Nashville dome.

Pryor and Sable (1974)

suggested that the Cincinnati arch was probably shoal or slightly emer
gent during Chesterian time, and the Cumberland saddle, separating the
Nashville dome and the Cincinnati arch, may have been a marine passage
way across the barrier (Figure 35).

Carozzi and Textoris (1967) also

suggested that these tectonic features were emergent at that time and
formed low islands and peninsulas.

Unfortunately, no direct evidence

4

O O L IT E
T ID A L BARS

*

C 1ASTICS

rJ r

Figure 35.

DELTA PLAIN :

Paleogeographic reconstruction of southeastern U.S. during Late Miss. time.
Data compiled from Adams (1970), Carr (1973), and Pryor and Sable (1974).
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of the effects caused by the presence of the Cincinnati arch and Nash
ville dome can be gathered because Mississippian strata have been exten
sively eroded there.
It is doubtful that the tidal energy was derived from a body of
water occupying the region now occupied by the Black Warrior basin
because the strata there were deposited in deltaic and shallow marine
environments.

An eastern source is also doubtful.

The middle and

northern Appalachians were the site of major tectonic activity at that
time.

During the Late Paleozoic, the ancestral Atlantic Ocean was

closing and strata of the Appalachian geosyncline were being compressed
(Dietz and Holden, 1974).

Sediment was shed from rising highlands in

the tectonic belt and deposited in a westward-prograding coastal system
in the northern part of the Appalachian basin (Pryor and Sable, 1974;
Adams, 1970).

The effect of this and associated deltaic systems would

have been to turn easterly flowing tidal currents pouring through the
Cumberland saddle toward the northeast and southwest, forming a circu
lation pattern that paralleled the Appalachian basin axis (Figure 35).
If these deltaic systems were present in the southern Appalachians and
if the Nashville dome was topographically high, a strait trending
northeast-southwest through the southern Appalachian basin into the
study area would have been created.

Tidal flow, which passed through

the Cumberland saddle and turned southwest, would have been funneled
into northeastern Alabama and generated large-scale sand bodies in the
southwestern end of the strait (Figure 35).
In northwestern Georgia the Mississippian sequence is almost
entirely composed of Floyd Shale, a thick (+300 m) clay shale which
grades northwestward into the Tuscumbia-Monteagle- and Bangor Limestones.

McLemore (1972) agrees with Ferm and Ehrlich (1967) that the Floyd Shale
is a delta front and prodeltaic deposit; however, he suggests that its
great thickness and "lack of shallow water sedimentary structures
(ripple marks, mud cracks, etc.) seem to indicate that the Floyd was
deposited rather rapidly in deeper waters".

Most sedimentary structures,

however, can form under a wide variety of environments, and the thickness
of strata is not a reliable criterion to interpret paleodepths.

The

Pottsville and Parkwood Formations in the Black Warrior basin are both
thick sedimentary accumulations, but they were undoubtedly deposited
under shallow marine to deltaic conditions.

A deeper water origin is

also weakened by Broadhead's (1974) suggestion that the Floyd Shale in
northwestern Georgia has a dominantly shallow marine, deltaic and benthic
faunal assemblage.

Evidence for a deep water origin of the Floyd Shale

was given by Shaw (1976) and Vail (1959).

In Alabama, Shaw mapped

several large-scale recumbent folds or nappes in the Floyd Shale that
were thought to have formed as large-scale gravity slides in a flyschlike basin.

Folding was probably initiated toward the west and north

west during the deposition of the Floyd Shale.

The Rockmart Slate, a

formation stratigraphically equivalent to the Floyd Shale, crops out
southeast of the area of Floyd Shale in Georgia and was described as a
black shale with lenses of graywacke and subgraywacke sandstones (Vail,
1959).

It is very similar in appearance to the Stanley Shale, a thick

flysch sequence of correlative age in the Ouachita Mountains of Arkansas
and Oklahoma.
Evidence suggests that the Floyd Shale was deposited under both
deep and shallow marine conditions.

Lower Floyd Shale was deposited in

deeper marine wTaters of the Alabama and Georgia region, whereas upper
Floyd and the overlying Parkwood Formation may represent basin fill

deposits or molasse derived from a south-southeastern source.

These

thick deposits may have heralded the closing of the ancestral Atlantic
and the southern Appalachian geosyncline.

COMPARISON OF SOME HOLOCENE AND ANCIENT CLASTIC/CARBONATE SAND BODIES

Many Holocene, shallow marine and estuarine environments are
dominated by tidal currents.

Closed embayments and straits commonly

contain tidal bar deposits that may be composed of either quartzose or
carbonate sands.
directions make

Differences in geometry, sediment texture, and current
it possible to distinguish, sand bodies.

However, cor

relation of types of sand bodies between the ancient and Holocene is
difficult.

Table 3 summarizes various types of marine sand bodies from

Holocene and ancient deposits and compares them with the sand bodies in
the Monteagle Limestone.
Tidal sand bodies occur on shallow marine shelves and may or may
not be situated near a shelf edge.

As was shown earlier, the Monteagle

oolitic tidal bar deposits were deposited near the shallow southwestern
end of a northeast-southwest trending strait.

This is not similar to

the location of Bahamian shelf-edge oolite shoals.

Bahamian oolitic

sand bodies are strongly influenced by tidal currents, but the energy
inherent to these currents is enhanced because of the added input of
waves derived from an adjacent body of deep marine water.

A deep water

influence is not so apparent in the Monteagle since the former presence
of a deep body of water southeast of the Monteagle lithotope is specula
tive.
Holocene tidal sand bodies tend to lie with their long axes
oriented either parallel or normal to the direction of current flow.

MARINE SAND BELT
(Ball. 1967, table 1)

SETTING

GEOMETRY

Slope break

Belt parallel to
slope break.

INTERNAL
STRUCTURES

Cross-beds dipping
perpendicular to belt's
long axis with larqest
sets at base and dipping
predominantly away frcm
deeper or more open water.

COMPOSITION

Skeletal, pelletoidal, or
oolitic with whole marine
megaskeletons
and varying
amounts of fibrous arag
onite cement.

VERTICAL
GRAIN SIZE
DISTRIBUTION

Inferred to coarsen upward
(Bathurst, 1971, p. 314).

Table 3.

OOLITE BODY (STE.
GENEVIEVE), INDIANA
(Carr. 1973, table 5)

Slope break indeterminant,
on gentle slope.

Parallel to inferred
shoreline.
Cross-beds dipping bipolarly,
perpendicular to long axis of
body.
Predominant mode is
basinward toward more open
water.

Oolitic with laminae and
thin beds of skeletal
material and pellets.

Coarsening upward.

TIDAL BAR BELT
(Ball, 1967, table 1)

Slope break at end of
embayment.

Parallel to slope break,
composed of equally spaced
and sized bars oriented
perpendicular to belt's
long axis.

TIDAL CURRENT RIDGES
(Houboult, 1968)
TIDAL BARS
(Purser, 1973)

TIDAL SAND BARS AND
CHANNELS - ESTUARINE
(Reineck and Singh. 1973, and
oonkens and Teruindt, 1960)

MONTEAGLE OOLITIC
SANa BODIES

North Sea shelf (strait)
Persian Gulf (strait)

Tidal estuary. Outer
Jade River, Germany
and Haringvliet River,
Netherlands.

E p e i n c sea in strait
between Nashville dome
and Acadian Highlands (?).
Southern extremity closely
related to prodslta and
barrier or bar complexes
prograding northward.

Elongate ridges parallel
to shoreline and axis
of strait.

Elongate sand bodies
parallel to estuarine
axes

Parallel to strait axis.

Cross-beds dipping perpen
dicular to long axes of
bars in bar crests and
parallel to channel axes
in channels.

Cross-beds dipping perpen
dicular to long axes of
ridges and parallel to
long axes.

Skeletal with pelletoidal,
or oolitic with marine
megaskeletons and varying
amounts of fibrous arago
nite cement.

North Sea - terrigenojs
quartzose sand
Persian Gulf - oolitic
sand; may be extensively
lithified.

Bar crest - clean, well
sorted, medium sand size.
Off bar crest - less well
sorted, burrowed

North Sea - unknown
Persian Gulf - inferred
to fine upward.

Cross-beds dip parallel to
axes of sand bars, bipolar
distribution.
Larger sets
at base, overlain by smaller
sets.

Terrigenous ouartzose sand

Fining upward.

Physical characteristics of Holocene and ancient tidal deposits.

Cross-beds dipping bipolarly,
parallel to long axes of sand
bodies.
Largest sets at base,
overlain by smaller sets.
Oolitic sand with varying
amounts of bioclastic debris,
pellets, intraclasts and sarly
bladed to fibrous calcite
c e ment.

Fining upward
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Unlike the marine sand belt described by Ball (1967) and its ancient
counterpart described by Carr (1973), the Monteagle oolitic tidal bar
belt and bars were probably oriented parallel to the direction of tidal
flow.

This is also true of the tidal bars located in the North Sea and

the Persian Gulf (Houbolt, 1968; Purser, 1973), and some estuarine tidal
sand bodies (Reineck and Singh, 1973; Oomkens and Terwindt, 1960).

Tidal

bar belts in the Bahamas are oriented with their long axes parallel to
the slope break but are composed of individual bars that lie perpendicu
lar to the slope break (Ball, 1967).
Paleocurrent patterns in Monteagle tidal bar grainstones are
generally bipolar; however, a large degree of variability may be present
in any particular sequence with several recognizable paleocurrent modes.
Hine (1976) documented a vertical sequence of primary cross-stratifica
tion in a Bahamian oolite shoal and showed that the basal cross-sets
are oriented bankward and the upper cross-sets are oriented dominantly
seaward.

These directions correspond to flood and ebb current flow

directions respectively.

This pattern seems to duplicate the vertical

sequence of structures which was demonstrated in the Monteagle tidal
bar deposits.

However, the basal cross-strata of any two oolitic tidal

sand bodies, for example, are not oriented in the same direction.

Basal

cross-strata in one deposit may be oriented southwestward and those of
another deposit may be oriented toward the northeast.
One of the most important parameters that may be used to differen
tiate environments of deposition in vertical grain size distribution.
Many of the Monteagle oolitic deposits exhibit an upward decrease in
grain size.

Marine sand belts tend to coarsen upward (Ball, 1967;

Carr, 1973), much like that of a prograding beach.

Coleman, et al.
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(1970) showed that clastic tidal sand bars in the Strait of Malacca
parallel the strait axis and are capped with mud.

Purser (1973) inferred

that oolitic tidal bars in the Persian Gulf also have fining-upward
grain size distributions, as do some estuarine tidal sand bars (Reineck
and Singh, 1973; Oomkens and Terwindc, 1960).
One conclusion that may be d r a m from the comparison of sand body
characteristics (Table 3) is that the Monteagle oolitic tidal bar
deposits are similar to some Holocene tidal bars but they are not
strictly identical.

Major differences exist between each and these

differences restrict the viability or accuracy of a depositional model
constructed stricted from a comparison with Holocene sand bodies.

CARBONATE DIAGENESIS

Up until the beginning of the last decade carbonate petrology had
only advanced to the point where petrologists could establish the
sequences and relative ages of carbonate cements precipitated in pore
space.

It was not possible to relate these cements to their respective

diagenetic environments.

However, beginning primarily with the impor

tant contributions of Bathurst (1958) and Folk (1965), a systematic
method of the recognition and differentiation of precipitative cement
versus neomcrphic spar and a morphological classification of each was
arrived at, and paved the way for subsequent diagenetic studies.
Friedman (1964) and Land (1967) extensively documented the mineralogical
and textural changes carbonate sediments undergo during lithification
under subaerial conditions.

Furthermore, Friedman (1964) suggested

that sediments which remain in the marine environment usually remain
unlithified, but it was later shown (Milliman, 1966; Ball, 1967; and
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others) that extensive submarine cementation has occurred during the
Holocene.

More recent contributions (Bricker, 1971; Bathurst, 1971;

Folk, 1974; Folk and Land, 1975; and Land, 1973) have advanced car
bonate petrology to the point where researchers can reasonably inter
pret the diagenetic environments in which some carbonate minerals and
textures were formed.
During and after the initial construction and buildup of an oolitic
tidal bar sequence, a succession of complex diagenetic changes occurred
by which the original sediments were modified physically and chemically,
and new minerals were formed.

Many of these diagenetic changes were

controlled by the host lithofacies, and consequently by the depositional
environments.

For each facies and environment, early to late diagenesis

affected sediments in a different manner and also to a different extent.
All of these changes, however, can be related so that a systematic dia
genetic model can be proposed to explain the diagenesis of these sedi
ments.

The diagenetic code devised by Folk (1965) is followed in the

description of diagenetic fabrics.

A brief explanation of the code is

given in Appendix B.

Early Grain Diagenesis
In the Monteagle Limestone some mollusc grains, which are now filled
with moldic calcite cement (PSE), are enclosed by an opaque, homogeneous
rind or envelope of micrite (Figure 36).

Micrite envelopes (Bathurst,

1966) are common in ancient carbonate rocks and are composed of lowmagnesian calcite.

They are commonly present in Holocene carbonate

sediments, but these envelopes are composed of either aragonite or highmagnesian calcite (Uinland, 1968).

According to Bathurst (1966),
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micrite envelopes are produced by infilling with micrite of tiny algal
or fungal borings in carbonate grains.

The exact node of erosion is

unknown in both organisms, but for blue-green algae a chemical process
is inferred (Milliman, 1974).

Furthermore, the process by which

micrite is introduced into the borings is also unknown (Bathurst, 1971).
If a grain has been partially bored, distinct individual borings can
be observed; however, in the Monteagle Limestone, only one distinctly
bored grain was observed (Figure 36b-c).

Nevertheless, if the outer

periphery of a grain has been intensely bored, a dense array of borings
which are subsequently filled with micrite will yield a micrite envelope.
Because of the early construction and preservation of micrite
envelopes, they were able to play a role in the later stages of diagen
esis in Monteagle skeletal sediments.

When these sediments were bathed

by waters undersaturated with respect to aragonite, aragonite in the
skeletons dissolved and left empty molds.

In some cases prior inter-

granular cementation was incomplete and increased overburden pressures
were great enough, due to burial, to exceed the stress limits for the
grains and cement, which resulted in the crushing or partial collapse
of the mollusc molds and the micrite envelopes (Figure 36d).

Where

intergranular cementation was more complete, the micrite envelopes were
able to remain intact under increased overburden pressures.

Subsequent

PSE cementation filled these voids and preserved both the collapsed and
intact micrite envelopes.
Algal and fungal boring activity on the sea floor was not restricted
to organic allochems; partial to wholesale micritization of ooids also
may be attributable to boring activity.

Dark, splotchy patches, which

were formed by micritization, are arranged in a radial-concentric fabric

Figure 36.

Photographs of micrite envelopes and algal borings.
A.

B-C.

D.

Micrite envelope developed around mollusc fragment.
Interior of shell has been dissolved and subsequentlyfilled with equant calcite cement. Plane light.
Bar scale = 1.0 mm.
Algal borings (arrows) in unidentified fossil
fragment. Plane light. Bar scale = 0.2 and 0.10
mm respectively.
Collapsed micrite envelope.
= 0.2 mm.

Plane light.

Bar scale
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in these ooids, and thus follow the radial and concentric arrangement of
calcite crystallites and ooid lamellae (Figure 37a-b).

These patches

of micrite cut across lamellae but, at the same time, many are buried
under unbroken lamellae (Figure 37).

An identical pattern of distri

bution of micritization and endolithic algal colonies in Holocene ooids
was described by Newell, ejt

al _.

(1960).

They suggested that even though

these blue-green algae are all boring species, their occurrence deep in
the oolitic cortex would seem to be a result, not of deep penetration,
but of their burial by the growth of the next overlying ooid lamella.
Tangential thin-section slices taken through Monteagle ooids re
vealed that micritic patches are roughly circular in plan view (Figure
37c).

It is apparent that when numerous circular patches have coalesced,

the result is a thoroughly micritized ooid.

However, there is evidence

to suggest that the amount of boring and the amount of micritization are
not necessarily equal.

Bathurst (1971) suggested that the part of a

grain adjacent to a boring can be micritized, possibly as a consequence
of bacterial decay.

This may be supported by the fact that thoroughly

micritized ooids or portions of ooids may still retain a trace of their
original micro-structure (Figure 37d).
One puzzling fact remains, however; definite traces of individual
borings have not been found in Monteagle ooids.

Perhaps in these ooids,

the part of a grain adjacent to a maze of borings was micritized, and
left no trace of a definite boring.

However, Purdy (1968) suggested

that micritization may be influenced by organic decomposition.

When

some ancient and most Holocene ooids are digested with a weak acid, they
frequently yield an organic residue which could have played a role in
the micritization process while being decomposed within the ooids'
cortices.

Figure 37.

Photographs of ooid internal structure.
A.

Radial-concentric distribution of micrite patches
inside an ooid. Plane light. Bar scale = 0 . 2 mm.

B.

Close-up of ooid microstructure. Note the radial
crystallites of calcite comprising the ooid frame
work and the mimicking pattern of micrite patches
after the crystallites. Many of the micrite patches
are buried by later generations of ooid lamellae.
Plane light. Bar scale = 0.10 mm.

C.

Tangential slice of two ooids illustrating the
circular micrite patches inside the ooids. Plane
light. Bar scale = 0.2 mm.

D.

Photomicrograph of micritized ooids. Internal
structures, though indistinct, are still visible.
Plane light. Bar scale = 0 . 2 mm.

Figure

CD
CD
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Perhaps the most convincing piece of evidence which suggests that
micrite patches in ooids were formed by boring lies in the occurrence
of micritized zones in depressions or hollows of ooids (Figure 38).

If

an ooid is actively swept across a bar, the most protected part of the
ooid, and the least likely place for significant abrasion to occur,
would be on its concave surfaces.

Such a micro-environment should also

be the most likely spot for the initiation and successful colonization
by boring algae or fungi.

Colonization on the apexes of ooids would not

have as great a chance of survival due to its exposure to abrasion.
It was pointed out by Bathurst (1971) that ooids, on Browns Cay
oolite shoal in the Bahamas, remain buried for decades at a time before
being swept across the bar crest.

He suggested that more than 95% of

an ooid's existence in that area may be spent in the subsurface environ
ment.

This is not only important in a consideration of an estimation

of rates of oolitic growth but also in the opportunity for the develop
ment of algal or fungal colonies and the degree of boring which can be
achieved during slack time.

This would, of course, be most critical

for algae because they are photosynthesizers; during the time at which
an ooid is buried, sunlight could not penetrate beyond the topmost layer
of grains in the bar to provide the energy for sustenance of endolithic
algae.
time.

Hence, algae could not survive there for an extended amount of
However, fungi do not rely upon sunlight to maintain life sus

taining processes, and as a result, colonies could begin and survive
during periods of burial.
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Perhaps the most convincing piece of evidence which suggests that
micrite patches in ooids were formed by boring lies in the occurrence
of micritized zones in depressions or hollows of ooids (Figure 38).

If

an ooid is actively swept across a bar, the most protected part of the
ooid, and the least likely place for significant abrasion to occur,
would be on its concave surfaces.

Such a micro-environment should also

be the most likely spot for the initiation and successful colonization
by boring algae or fungi.

Colonization on the apexes of ooids would not

have as great a chance of survival due to its exposure to abrasion.
It was pointed out by Bathurst (1971) that ooids, on Browns Cay
oolite shoal in the Bahamas, remain buried for decades at a time before
being swept across the bar crest.

He suggested that more than 95% of

an ooid's existence in that area may be spent in the subsurface environ
ment.

This is not only important in a consideration of an estimation

of rates of oolitic growth but also in the opportunity for the develop
ment of algal or fungal colonies and the degree of boring which can be
achieved during slack time.

This would, of course, be most critical

for algae because they are photosynthesizers; during the time at which
an ooid is buried, sunlight could not penetrate beyond the topmost layer
of grains in the bar to provide the energy for sustenance of endolithic
algae.
time.

Hence, algae could not survive there for an extended amount of
However, fungi do not rely upon sunlight to maintain life sus

taining processes, and as a result, colonies could begin and survive
during periods of burial.
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Figure 38.

Distribution of micritized zones in ooids.
A-B.

Dark, micrite patches occurring in the indentations
or more protected hollows (arrows) of ooids. Plane
light. Bar scale = 0.2 mm.

Figure 38
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Cementation
Three basic statements may be cited as a prelude to a discussion
of carbonate cementation.
1.

Unlithified carbonate sediments are very porous (40-70%), and
yet, ancient carbonates are only slightly compacted and much
less porous (2 %), so that cementation must have begun at an
early stage (Bathurst, 1971), and cementation was a more
important modifying agent than was compaction (Pray, 1960;
Friedman, 1975).

2. Very large amounts of
pore space.

CaCO^ must be provided to fill up the

Bathurst (1966) suggested that the obliteration

of porosity in carbonate sediments requires that another body
of carbonate sediment, of one-half the volume to the initial
carbonate sediment to
3.

be cemented, be destroyed.

A highly efficient means of transporting CaCC^ in solution
and precipitating it in the pores must be available.

It has

been calculated that a tremendous number of pore volumes of
solution must move through the sediment to yield one fully
cemented pore.

Pray (1966) put the figure at 10,000 to

50,000 pore volumes, and Dunham (1969) calculated 10,000
if the process is 1 0 0 % efficient and all CaCO^ is precipi
tated.

At 10% efficiency, the figure is 100,000 pore volumes.

Bathurst (1971) stated that, "Whereas the observation of modern
carbonate sediments enables us to assert, without doubt, that a particu
lar micritized grain or a cemented crust attained its present diagenetic
state as a consequence of processes acting at the sediment-water inter
face on the sea floor, such certitude is seldom possible in the study of
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ancient limestones."

The main problem encountered in drawing conclu

sions about carbonate diagenesis is that it may occur in three broadly
defined environments (Purdy, 1968; Folk, 1973, 1974):
1.

submarine

2.

subaerial-meteoric

3.

subsurface

These are, of course, end members to a broad spectrum of transi
tional environments.

Until recently, a sure distinction between the

diagenetic products of these environments could rarely be made.

Table 4

illustrates many of the properties which are now thought to be repre
sentative of carbonate cements precipitated in submarine, subaerial and
subsurface environments.

Information was compiled primarily from

Bricker, 1971; Bathurst, 1971; Moore, 1973; and Folk, 1973, 1974.
Calcium carbonate cements in the Monteagle Limestone follow all of the
crystal fabrics of carbonate cements that are listed for each diagenetic
environment.

Some are present in only one facies and thus reflect the

dependence of certain diagenetic fabrics to their host lithofacies and
depositional environments.

Marine - Subtidal and Intertidal Cementation
Bladed Calcite Crust (PB?,/fC) :

Bladed calcite cements were observed

in samples from virtually every oolitic sand body.

They usually form

isopachous crusts, averaging about 0.03 mm to 0.06 mm thick, with the
long axes of individual crystals oriented perpendicular to the grain
surface (Figure 39).
In most cases intergranular pore spaces are only partially filled
with bladed cement, but where pores are completely filled with it, the
compromise boundaries of the cement assume a sutured polygonal pattern

ENVIRONMENT

MINERALOGY

MORPHOLOGY

Marine
Subtidal

Aragonite or high-Mg
calcite

Clear to cloudy, isopachous, fibrous
equigranular crust (PF24 C). Occasionally
may completely fill pore space, creating
a polygonal sutured pattern. Cryptocrystalline
cements with peleted texture are usually
high-Mg calcite.

Intertidal

Aragonite or high-Mg
calcite

Clear, fibrous-bladed crust (PFB2 4 C) which may
be isopachous or stalactitic.

High-Mg calcite or
aragonite

Dark, micritic crusts. Lumpy, pelleted
appearance. May also have a meniscus fabric.

Meteoric
Vadose

Low-Mg calcite

Tiny to coarse-grained, very clear, equant or
rhombohedral, inequigranular crusts (PE23 C).
Meniscus to micro-stalactitic fabric. Possible
whisker cement.

Phreatic and
subsurface

Low-Mg calcite

Coarse-grained, possibly poikilotopic, subhedral
to equant sparry cement (PE4 5 ) .

Table 4.

Environments, morphology and mineralogy

f calcium carbonate cements.
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(Figure 39).

Shinn (1975) documented polygonal suture patterns in

aragonite-cemented ooids collected from the Bahamas and suggested that
this pattern may be a reliable criterion for distinguishing marine or
phreatic diagenesis from intertidal and vadose diagenesis in ancient
limestones.

Intertidal or vadose diagenesis, in some cases, produces

meniscus cement (Dunham, 1971) with rounded, non-angular cement bound
aries.

Under these conditions a triple junction or polygonal suture

pattern could not form.
It was rarely noted that some smaller ooids are coated with a
slightly thicker bladed cement than some of the larger grain in the
same thin-section.
mately 0.01 mm.

Generally the difference in thickness was approxi

Furthermore, some larger ooids may not even be coated

with a bladed crust, whereas adjacent but smaller ooids are coated.
Although the uneven distribution of cement in these samples may be an
artifact of thin-sectioning, it probably owes its origin to differences
in capillarity in the sediment during cementation.

Maximum capillary

rises in fine-grained sand is greater than that of coarse-grained sand
(Davis and DeWiest, 1966), which suggests' that some of the Monteagle
sediments were located in the capillary fringe (lowest vadose) at one
time.

Capillary flow there would have been greatest in the finest-

grained sediment fraction, and thus, could have introduced more carbonatesaturated water for potential cementation there.

Under phreatic condi

tions permeability is greatest in the coarsest-grained sediment so that
cementation would have been more complete in the coarser-grained Mon
teagle sediment and yielded a cement distribution pattern that is oppo
site of what was observed.

However, if these sediments, coarse- and

fine-grained fraction alike, were originally cemented with a uniformly

Figure 39.

Photomicrographs of bladed calcite cements in the oolitic
facies.
A.

Bladed calcite cement completely filling intergranular
pore spaces, creating a polygonal suture pattern where
cements converge. Plane light. Bar scale = 0.2 mm.

B.

Bladed calcite cement. Note the thin lamina (arrow)
separating what may be two generations of bladed cement.
Plane light. Bar scale = 0.10 mm.
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thick, bladed crust under phreatic conditions, any subsequent dissolu
tion by phreatic water undersaturated with respect to the mineralogy of
the cement present would have preferentially removed the cement which
was binding the largest grains because permeability was greatest there.
As a result, and assuming incomplete dissolution and subsequent preser
vation of the remaining crust on larger ooids, the cements should be
thinner than that remaining on the smaller ooids.
In most cases the isopachous crust is a single generation cement;
however, one sample contains at least two generations of cement, the
older one being separated from the younger one by a thin dark film
(Figure 39b).

Evidence for Submarine Origin:

Holocene marine carbonate sediments

and cements are composed almost wholly of aragonite and high-magnesian
calcite.

Both minerals are considered to be comparatively stable in

shallow marine waters, but upon exposure to subaerial conditions or
fresh water, these minerals are unstable and either dissolve (congruently or incongruently) or invert or transform to calcite (less than
4 mole % MgCO^), which is the most stable phase under subaerial condi
tions.

The fabric and mineralogical evolution of certain Pleistocene

limestones reflect these stability relationships (Bathurst, 1971; Land,
1967).

If the original Monteagle sediments were also composed of

aragonite and high-magnesian calcite, almost certainly they underwent a
similar mineralogical evolution.

Hox^ever, significant fabric evolution

did not occur in much of the Monteagle Limestone; delicate textures which
are preserved in ooids, bioclasts and some bladed cements attest to that.
The bladed crust cements in Monteagle oolitic limestones were formed
in the submarine environment during the early history of these sediments.

The original cement or precursor may have been either fibrous aragonite
or high-magnesian calcite, but it has long since inverted, on a micro
scale, to bladed calcite.

The best evidence for a submarine origin is

that most of these bladed calcites contain ghost-like fibrous elements
and inclusions of possible organic residues (Figure 40) like most of
the Holocene fibrous aragonite and high-magnesian calcite precipitated
in the submarine environment.

The fibrous elements may represent

vestiges of what were once fibrous crystals.

The preservation of these

ghost-like fibers may have been enhanced by the incongruent dissolution
of high-magnesian calcite and precipitation of calcite, or by inversion
of aragonite to calcite (Friedman, 1964; Land, et^ al., 1967; Bathurst,
1971).

The brownish, possible organic residues inside the cements may

have originated as films of organic matter which covered the surfaces
of growing crystals in the marine environment.
The intergranular pores of some oolitic packstones are partially
filled with pelleted micrite (Figure 40).

The micrite was observed to

both predate and postdate bladed calcite ceiiients, and in some cases it
was probably contemporaneous with the cement.

The pelleted micrite may

be either an early crypto-crystalline marine cement, or carbonate mud
which filtered into the initially porous sand as a result of incomplete
winnowing in the marine environment.

If either alternative is true,

then the bladed cements would have to be of submarine origin.

Micrite Cement:

In recent years micrite cementation in Holocene,

subtidal-intertidal carbonate sediments has been extensively documented
(Taylor and Illing, 1969; Shinn, 1969; Land and Goreau, 1970; Tietz and
Muller, 1971; Moore, 1971, 1973; Friedman and Gavish, 1971).

The miner

alogy of marine micrite cements may be aragonite or high-magnesian
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Figure 40.

Photographs of bladed cement and internal micrite sediment/
cement.
A.

Bladed calcite cement with fibrous ghosts.
Bar = 0.2 mm.

Plane light.

B.

Floored interstices. Note that sparry calcite cement
supports the micrite in the lower part suggesting that
the cement preceeded the micrite. Plane light. Bar
scale = 1.0 mm.

C.

Internal micrite sediment which may also have served
as an early submarine cement. Note that a bladed calcite
crust is present but postdates the micrite. Plane light.
Bar scale = 0.2 mm.
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calcite.

The origin of micrite is unknown but its ultrastructure shows

evidence of direct biological participation in the cementing process
(Moore, 1973).
Some cobble- and pebble-size intraclasts, composed of micritecemented ooids (Figure 41), were discovered in a thick oolitic sand
body in Tennessee (section TN-4).

The sediment composing these intra

clasts was probably cemented in the marine environment and subsequently
broken and reworked as clasts into the surrounding sediment.

Grains on

the edges of the clasts are truncated attesting to the durability of
the fragments during reworking (Figure 41c).

Commonly they are coated

with laminated algae, which suggest a biological participation in the
cementation process (Figure 41c-d).

The cement usually has a clotted

or pelleted texture (0.03 mm in diameter) and much of the cement is con
centrated at grain contacts in a sort of meniscus fabric (Figure 42).
If cementation was organically (algal?) induced, the distribution and
fabric of the micrite cement may only reflect the manner in which the
organisms were attached to the substrate and consequently bound the
sediment rather than the existence of periodic marine vadose conditions.

High Intertidal Cementation
There is evidence in a thin, pebble-cobble conglomerate (Figure 43),
collected from section TN-3, which suggests that it was cemented under
marine vadose conditions.

The rock occurs with super- and subjacent

dolomitic mudstones, a channel-fill oolitic grainstone sequence
(Figure 43), beveled shales and a 4 m thick, cross-bedded, oolitic sand
body.

This sequence of strata was deposited in tidal bar, intertidal-

or supratidal and channeled bar crest environments.

Figure 41.

Photographs of algal-coated, submarine cemented clasts.
A.

Polished slab with rounded, cobble-sized intraclast
composed of early cemented ooids.

B.

Polished slab with numerous submarine cemented intra
clasts and one large clast with outer algal coating
(oncolite).

C.

Photomicrograph of algal-coated clast. Ooids, bladed
cement and micrite cement are all truncated, suggesting
the clast was lithified at the time of reworking. The
vesicular clotted micrite in the upper half of the
photograph comprises the outer algal coating. Plane
light. Bar scale = 0 . 2 mm.

D.

Dark laminated algal crust composed of micrite and
fine bioclastic debris coating an intraclast. Plane
light. Bar scale = 1.0 mm.

Figure 41
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Figure 42.

Photomicrographs of micrite cement.
A-B.

Dark micrite cements in an oolitic grainstone. Note
the preferred location of micrite near the grain-tograin contacts, mimicking a meniscus pattern.
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Figure 42

Grains are bound by carbonate cements with fabrics that are very
similar to those occurring in association with Holocene beach rocks
(Taylor and Illing, 1969; Moore, 1973).

The Monteagle "beach rocks"

include (Figure 44) micrite cements which are concentrated at grain
contacts, meniscus equant calcite crusts, and stalactitic, bladedfibrous calcite crusts which, in some cases, consist of several genera
tions of cement.

Furthermore, some of the clasts are composed of ooids

which were probably cemented in the marine environment (Figure 44).

Cementation and Tidal Current Flow
Matthews (1971) pointed out that "any model which proposes to do
considerable diagenetic modification to a sediment must propose a mech
anism and a pump.

Further it must be demonstrated that the pore fluids

can be replaced numerous times in order that solution by or precipita
tion from the pore fluid may occur over and over again and thereby
generate a significant diagenetic alteration".

Inasmuch as tidal cur

rents have been suspected of providing a pump by which sediments are
diagenetically altered in the marine environment (Ginsburg, et al.,
1967, 1971; Dunham, 1969; Bathurst, 1971), and because the Monteagle
oolitic sand bodies were constructed by tidal currents and initially
cemented in marine waters, it is necessary to consider the role that
tidal currents could have played in the lithification process.

One

role which was suggested by Ginsburg, et al. (1967, 1971) is that a
reduction of C0 £ content in water could be produced by changes in the
total pressure resulting from wave surge around cup-shaped boiler reefs
in Bermuda.

Dunham (1969) and Bathurst (1971) surmised that a flow of

sea water through the sediment pores could be maintained by tidal and
wind-driven currents.

118

Figure 43.

Photographs of intertidal cemented, pebble-cobble conglomerate
and associated strata.
A.

Polished slab. Mudstone and oolitic grainstone clasts
comprise the bulk of the rock.

B.

Outcrop from which sample was collected. Note the
truncated shale and associated channel-fill sand.
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Figure 44.

Photographs of intertidal cemented conglomerate.
A.

Stalactitic bladed crust developed on underside of
an ooid. Plane light. Bar scale = 0.2 mm.

B.

Banded bladed calcite and micrite cement on the underside
of a large crinoid plate. Plane light. Bar scale =
0.2 m m .

C.

Micrite cements bridging gaps between grains (arrows).
Plane light. Bar scale = 0.2 mm.
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Fluid flow rates through porous sediment are partially a function
of permeability, which is dependent upon the texture and fabric of the
sediment (grain size, shape, sorting, orientation and packing) (Pettijohn, ert al ., 1973).

Furthermore, directional structures such as

cross-bedding consist of anisotropic fabrics so that individual fore
sets should behave as flow packets (Pettijohn,

et_ al_. ,

1973).

Flow

rates through foresets should also depend largely upon the hydrodynamic
pressure variations on the surfaces of hydraulically rough bottom ele
ments such as bed forms (Figure 45).

There is an asymmetrical pressure

distribution on the surfaces of ripples or dunes which is related to
the velocity of fluid flow over the bed forms.
expressed by Bernoulli's equation of energy

§pu

2

+

This relationship is

given by

p + pgy = total energy = constant

in which p is the fluid density, u is the fluid flow velocity at a
point, p is the total fluid pressure at the point, and y is the eleva
tion of the point relative to some arbitrary datum (Allen, 1970).

The

first statement in the equation (j?pu2 ) refers to the dynamic pressure
and p and pgy refer to the static pressure in the fluid.

For a point

along the surface of a ripple or dune, the dynamic pressure can be
calculated from Bernoulli's equation.

The highest flow velocities are

attained where streamlines converge and the slowest velocities where
streamlines diverge.

The result is a series of flow expansions and

contractions with the maximum pressure intensity found in the region of
lowest velocity, or where the boundary layer returns to the bed (Briggs
and Middleton, 1965).

This is in the trough of a migrating ripple or

dune, whereas the lowest pressure and the highest flow velocity is on
the crest of a ripple or dune.

Because of the variability of pressure
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along the lower surface of flow, a pressure gradient is established
within the pores, whereby interstitial water flows from regions of high
pressure to regions of low pressure.

In a series of dye experiments,

Harrison and Clayton (1968) found that fluid flow through pore spaces
of medium-grained sand in rippled bed forms was directed upward toward
the crests.

Water which entered the upstream side of bed forms flowed

in a concave upward arc downstream and emerged at the crest of the bed
form (Figure 45).

Water which entered the ripple a short distance down

stream from the crest flowed in an arc upstream and emerged at the
crest.
Micropore fluid flow systems, similar to that described by
Harrison and Clayton (1968), are probably common phenomena in Holocene
oolitic tidal bars.

Ball (1967) first documented submarine cementation

by fibrous aragonite in Bahamian oolitic sand bodies, and Purser (1973)
stated that oolitic tidal bars in the Persian Gulf are extensively
lithified by fibrous aragonite.

In both locations tidal currents are

primarily responsible for sand body evolution, and this suggests that
tidal current flow and the associated pressure gradients established
by the flow of water over the bars may provide the pump and the neces
sary volume of water needed to cement these sands.

It is recognized

that documentation is needed to support this hypothesis and that
presently it is not available.

This process, however, seems a reason

able mechanism to have provided the necessary large pore volumes of
water needed to cement the Monteagle oolitic tidal bar deposits in the
marine environment.
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Figure 45.

AND

M IC R O P O R E

D IS T R IB U T IO N

ON

FLOW

RIPPLE

PATHS

SURFACES

Hypothetical micropore fluid flow paths through bed forms,
and associated hydrodynamic pressure distribution at the
surface of the bed form. Modified from Briggs and
Middleton (1965).
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Meteoric Water Cementation
The meteoric diagenetic environment is characterized by changes in
CC>2 concentration and isotopic composition, degrees of water saturation
and flow rates of water (Bricker, 1971).

This environment is divided

into two zones which are based upon the degree of water saturation.
1.

vadose zone

2.

phreatic zone

Carbonate cements which are precipitated from meteoric water tend
to be tiny rhombic to equant-shaped crystals and coarser-grained
crystals of low-magnesian calcite (Folk, 1974).

The minerals and their

fabrics produced in the vadose and phreatic zones are recognizable and
distinct from each other as well as from the fabrics and minerals pro
duced in the marine environment.

Vadose Zone Cementation: The vadose zone is above the groundwater
table and its pore spaces are not fully saturated with water.

Air occu

pies most of the pores except at grain-to-grain boundaries where surface
tension maintains a film of water between the particles (Friedman, 1975).
Where cementation occurs in this zone, the distribution of cement usually
will mimic the actual distribution of water, with calcite precipitating
along grain-to-grain boundaries and assuming a meniscus fabric (Dunham,
1971).

Thorstenson, et al. (1972) successfully produced meniscus vadose

cements in the laboratory by allowing CC^-charged water to percolate
through skeletal carbonate sands which were wet but undersaturated with
water.

Dissolution occurred in the top of the sand column and precipita

tion of meniscus cements took place near the bottom.
Meniscus cements (PE3 C and PE^ random) occur in the oolitic lithofacies of the Monteagle Limestone (Figure 46).

These cements are thought
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to have formed in a meteoric vadose environment, and they are commonly
associated with intragranular dissolution (Figure 46c) suggesting that
local dissolution was nearly contemporaneous with cementation and may
have served to provide an autochthonous supply of calcite cement.
Since vadose cementation is associated with oolitic tidal bars in
the Monteagle Limestone, vadose cements should occur at the tops of
bars which may have been subaerially exposed.

However, the occurrence

of vadose cements in oolitic sequences seems to be random; some are
present near the bases, mid-portions and tops of oolitic bars.

Two

explanations are possible.
1.

After oolitic tidal bars built up above sea level, a gradual
draw-down of sea level may have followed and allowed the
development of vadose fabrics in the newly created zone of
aeration.

This evolution, however, should have led to the

wholesale development of vadose diagenetic fabrics throughout
the mass of exposed sediment, providing that enough time was
available to accomplish the alteration.
2.

A haphazard distribution of vadose cements could be the prod
uct of multiple stages of bar growth, exposure, and resub
mergence.

However, the sequence should contain erosional

exposure surfaces but none were seen in the Monteagle.

A

similar explanation was presented by Becher (1975) in a dis
cussion of early diagenesis in the Smackover Formation.

It

was shown that shoals formed on the tops of structural highs
and during their evolution, the shoals were periodically
exposed to subaerial conditions due to tectonic movements.
The net result was the stacking of porous lenses on the crests
of the positive structures (Becher, 1975).

Figure 46.

Photomicrographs of vadose meniscus cements.
A.

Meniscus equant calcite. Note the high primary porosity
and coarse equant cement at grain-to-grain contacts.
Crossed nicols. Bar scale = 0.2 mm.

B.

Close-up of meniscus calcite crust.Crossed
Bar scale = 0.10 mm.

C.

Secondary porosity in ooid nucleus probably created
during early dissolution in the vadose zone. Crossed
nicols. Bar scale = 0.2 mm.

nicols.
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Figure 46

For the Monteagle, the latter explanation is preferred with the stipu
lation that periods of exposure were brief, allowing little or no tine
for the development of major exposure surfaces.

Subsurface and Phreatic Zone Cementation:

The phreatic and sub

surface zones are below the groundwater table and the pores are com
pletely saturated with, water.

Movement of groundwater in the phreatic

zone is controlled primarily by permeability and head.
generally contain very little Mg

2+

These waters

so that the carbonate minerals pre

cipitated there are typically low-magnesian calcite.

In the phreatic

zone the rate of carbonate precipitation is slower due to lower ionic
concentrations and slower rate of CO2 outgassing (Land, 1970).

As a

result, cements precipitated there are usually large, equant crystals
of sparry calcite (Folk, 1974).

Furthermore, Folk (1974) suggested

that spari'y calcite, rather than fibrous, high-magnesian calcite or
aragonite, precipitates in the deeper subsurface because Mg

2+

, which

is an inhibitor of calcite precipitation, is selectively removed by
clay minerals or by actively growing dolomite crystals.
Equant, sparry calcite cementation was the most significant dia
genetic event affecting porosity reduction in the Monteagle Limestone.
In most cases these cements (PE4 5 ) are second generation, final porefilling products (Figure 47), but where no bladed crust is present,
sparry calcite may be the only cement present, completely filling the
pore spaces.

One single crystal may fill several pore spaces.

Where

echinoderm fragments are abundant, these grains are commonly cemented
by monocrystalline, syntaxial overgrowths (Figure 47c-d).
The precipitation of sparry calcite cement was not controlled by
lithology or depositional environment because it is present in every

lithofacies.

Most, if not all, of the precipitation of spar occurred

during and after grain compaction, breakage and pressure solution.
This is attested to by the presence of sparry calcite cement between
pressure dissolved grains, underneath physically disrupted ooid
lamellae and around collapsed micrite rims (Figure 47b).
Most of the sparry calcite cement is iron-free or only slightly
ferroan.

The presence of iron was determined by potassium ferricyanide

staining procedures as outlined by Evamy (1969).

Ferroan calcite

cements can only be generated under reducing, or low Eh conditions, in
a phreatic environment (Evamy, 1969).

Fe

2+

is not abundant under

oxidizing conditions due to its tendency to lose an electron and form
Fe^+.

Ferric iron cannot fit readily into the calcite lattice because

it has a higher charge and much smaller ionic radius than

C a2+.

While

under compaction, interbedded shales and argillaceous limestones may
have released iron in solution which later was precipitated or incor
porated into the calcite lattice (Oldershaw and Scoffin, 1967).

Dolomitization

Most of the dolomite in the Monteagle Limestone occurs in the
dolomitic mudstones and echinoderm-bryczoan limestones.
occurs in the oolitic lithofacies.

A minor amount

The fabrics, textures and relation

ship of the dolomite to the surrounding rock mass suggest that dolomiti
zation was both an early and late diagenetic event.

Early dolomite

formed in the intertidal-supratidal environments atop oolitic tidal
bars, and late stage dolomite was a product of deeper subsurface
diagenesis.
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Figure 47.

Photomicrographs of equant cement and monocrystalline
syntaxial overgrowth cement.
A-B.

Equant sparry calcite cement which was precipitated
after the generation of a bladed calcite crust and
burial compaction and fracturing of grains. Plane
light. Bar scale = 0.2 mm.

C-D.

Monocrystalline, syntaxial overgrowth cement developed
around echinoderm debris. Plane light. Bar scale =
1.0 and 0.2 mm. respectively.
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Intertid.al-Supratid.al Dolomitization

Dolomites which were thought to have tormed in intertidal and
supratidal settings are composed of crystals belonging to three dif
ferent size modes and having several different fabrics.
1.

Fine-grained dolomicrite is composed of an interlocking mosaic
of anhedral and euhedral crystals ranging from 5 to 15 microns
in diameter.

Most of the rhombic dolomite crystals have

cloudy centers with clear rims, but the very finest-grained
dolomite is thoroughly murky (Figure 48a).
2.

Euhedral, clear or limpid dolomite (Folk and Land, 1975) forms
drusy crusts around birdseye cavities, fractures and root
tubules (?) within a dolomicrite matrix (Figure 48b).
Rhombs generally range in size from 20-60 microns.

3.

Coarse-grained dolospar (30-1200 microns) occurs inside
celestite nodules and oomolds, both of which occur in a
dolomicrite matrix (Figure 48c).

Under crossed-nicols this

dolomite exhibits strongly undulose extinction, and under
plane-polarized light, curved cleavage traces can be seen
(Figure 48d).

Furthermore, the crystals are also curved

and do not have a perfect rhombic shape that is character
istic of most dolomite.

Folk and Assereto (1974) described

twisted dolomite crystals in the Triassic of Italy and
coined the term "baroque dolomite" to identify this unusual
growth form.
Fine-grained dolomite or dolomicrite, with crystals ranging in
size from 1-5 microns, is a common constituent of Holocene, supratidal
carbonate sediments on Andros Island, Bahamas, and on the Trucial coast
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of Saudi Arabia (Shinn, et_ al. , 1965; Illing, et_ al. , 1965).

Most if

not all of the dolomite there, is a product of penecontemporaneous re
placement of aragonite mud under evaporative conditions.

These dolo

mites are not well-ordered; they contain approximately 45 mole % MgCO^.
Some of the finer—grained Monteagle dolomites contain 44-48 mole % MgCO-^.
Critical to dolomite formation is a high Mg
interstitial waters of formation.
to form where the Mg

24-

/Ca

11:1 (Bathurst, 1971).

24-

2+

/Ca

2-t

•

ratio in the

Persian Gulf sabkha dolomite begins

ratio in the brine water attains a peak of

This value contrasts strongly with a Mg

2+

/Ca

24-

ratio of 5.5:1 in the nearby lagoon water which is precipitating
aragonite.

In order to elevate the Mg

2 +

/Ca

24-

ratio to a value at which

dolomite can form penecontemporaneously, either Ca
tially removed from the system or Mg

24-

24-

must be added.

must be preferenCa

24-

may be

extracted by the precipitation of either CaSO^ or aragonite.
anism for concentrating Mg
(1973).

24-

A mech-

has been presented by Gebelein and Hoffman

They showed that the stromatolitic alga, Schizothrix calcicola,

which inhabits intertidal environments of various carbonate producing
areas, preferentially concentrates Mg as a solid organic phase onto the
sheaths.

Where the Mg

24-

/Ca

24-

ratio of the sea water, in which the alga

grew, was 4.5:1, the same ratio in the sheath material was 15:1.
authors proposed that as the organic matter is decomposed, Mg

24-

The
may be

released back into solution to form dolomite in the relict algal layers.
Not only must the Mg

24-

/Ca

24-

ratio be raised considerably, but a

transport system must be provided in order to continually supply enough
Mg for dolomitization.

Kinsman (.1964, cited in Bathurst, 1971) esti

mated that in order to completely dolomitize 1 cc of aragonite mud with
a porosity of 50%, 50-60 cc of brine with a salinity of 5 or 6 times

Figure 48.

Photomicrographs of supratidal dolomite.
A.

Murky, fine-grained subhedral dolomite matrix in
paleocaliche. Plane light. Bar scale = 0.10 mm.

B.

Euhedral limpid dolomite crust (arrow) followed by
poikilotopic sparry calcite cement. Plane light.
Bar scale = 0 . 2 mm.

C.

Twisted (baroque) dolomite and sparry calcite infilling
of oomolds. Matrix is dolomicrite. Plane light. Bar
scale = 0.2 mm.

D.

Twisted (baroque) dolomite in a celestite nodule.
Plane light. Bar scale = 0.2 mm.

137
standard sea water is needed.

The most likely method of continually

providing the large volume of water needed to dolomitize the sediment
is to evaporate the water at the surface of the sabkha and replace what
is lost with water flowing landward through the mud from the sea.

Hsu

and Siegenthaler (1969) have called upon this process, which they termed
evaporative pumping, to explain the occurrences of thick, supratidal
dolomites in the geologic record.
The origin of fine-grained, intertidal, supratidal dolomite in the
Monteagle Limestone can best be explained by an evaporative pumping
process.

But because of the presence of algal laminations in some of

these dolomites, one cannot preclude the role played by Mg-bearing algal
sheaths during dolomitization.

Dolomitizing fluids may have been derived

from the flow of normal sea water laterally through the pores of the
tidal bar sands and upward to the sabkha surface.

These migrating

fluids may have aided in the submarine CaCO^-cementation of the oolitic
sands, thereby locally removing Ca
Mg

2+

/Ca

2-

2+

from solution and raising the

ratio of the residual solution.

Furthermore, a large volume

of sea water was probably washed up on the exposed tidal mud flats
during storms or high tides.

The water which was trapped in ephemeral

ponds or in the mud may have evaporated and precipitated evaporites.
Again the Mg

2+

/Ca

2+

could have been raised, further increasing the

opportunity for dolomitization.
Some formation of sulfates, however, probably occurred as a result
of dolomitization.

Numerous nodules, containing celestite and rarely

fluorite, are present in Monteagle supratidal dolomites.

The celestite

may have formed in a fashion similar to that responsible for celestite
precipitation in the Persian Gulf sabkha sediments.

Evans and Shearman

(1964) suggested that the celestite there, which is associated with
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dolomite, anhydrite and gypsum, apparently formed as a by-product of
the dolomitization of a strontium-rich aragonite mud.

In the Persian

Gulf, aragonite muds contain up to 9390 ppm Sr, whereas marine dolomites
should contain about 600 ppm of strontium (Behrens and Land, 1972).
Clearly, a significant quantity of Sr can be expelled during dolomitiza
tion of aragonite in the marine environment, and made available for
precipitation as celestite, provided that enough sulfate is present
within the system.

In much the same manner, celestite in the Monteagle

dolomite may have precipitated in the dolomitized muds forming nodules.
Precipitation of CaSO^ need not have accompanied the precipitation and
growth of celestite because gypsum and anhydrite are both more soluble
than celestite.
Not only was strontium released from aragonite mud during dolo
mitization, and re-precipitated, but fluoride was released and re
precipitated.

Carpenter (1969) said that marine aragonite contains an

average concentration of 1075 ppm of fluorine in its lattice; however,
it is not known how fluoride is incorporated into the aragonite struc
ture.

The precipitation of calcium carbonate is the most important

mechanism in the marine environment for the removal of F

from sea

water, but it annually removes only 4.0 x 1 0 ^ grams of fluorine from
the sea. Early diagenetic fluorite may be an important component of
Monteagle dolomites and other ancient dolomite sequences.

According to

Allen (1970) fluorite is present in a diagenetic subaerial crust capping
a Cretaceous carbonate beach sequence in Central Texas.

It was ap

parently released from the supratidal aragonitic muds during dolomiti
zation and re-precipitated below in a diagenetic crust under acidic to
weakly alkaline conditions (Allen, 1970).

The incorporation of fluorite

in celestite evaporite nodules of Monteagle dolomites strongly suggests
that fluorite was formed syngenetically with the fine-grained dolomite
and early celestite.
Unlike hypersaline environments where the Mg

2+

/Ca

2+

ratios must

exceed 5:1 or 10:1 for dolomite to form, in fresh water environments
dolomite can precipitate at ratios as low as 1:1 (Folk and Land, 1975).
Fresh water dolomites are typically optically clear, euhedral and wellordered.

This high degree of ordering is difficult to accomplish under

high ionic concentrations and rapid rates of precipitation.

Generally

speaking, well-ordered, euhedral dolomite is most easily precipitated
from dilute waters with low ionic concentration and where crystalliza
tion rates are slow (Folk and Land, 1975).
Drusy linings of euhedral, clear or "limpid" dolomite followed by
poikilotopic sparry calcite frequently fill cavities in Monteagle dolo
mites.

Identical occurrences of "limpid" dolomite crusts and sparry

calcite cement have been described from several carbonate sequences
(Land, 1973; Folk, et^ al., 1973; Handford and Moore, 1976), and in each
case the trace element abundance in the dolomites suggests that they
precipitated from mixed marine-meteoric water or fresh, dilute water.
The presence of "limpid" dolomites and sparry calcite in Monteagle
tidal bar crest dolomites suggests that fresh or mixed marine-meteoric
water diagenesis occurred during the exposure of tidal bar crests to
subaerial conditions.

Lenses of fresh

or brackish water were able to

develop there because the area and amount of sediment exposed to sub
aerial conditions had expanded concomitantly with bar growth and migra
tion.

According to Folk (1967), sand cays of Alacran Reef, Yucatan,

have been built up as high as 8 feet above sea level by the effects of
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sedimentation as influenced by the prevailing winds.

Clearly the

Mississippian deposits may also have been piled up enough locally above
sea level by tidal and wind-generated currents to afford an opportunity
for fresh water lenses to develop.
As progradation and dolomitization of tidal flats proceeded, lenses
of fresh or brackish water encroached into the sediment which was once
saturated with hypersaline brines, and brought in its own chemistry and
diagenetic effects.

Fractures and other pores were progressively filled

with dolomite first, followed by calcite.
precipitated from the same water mass.

Both, however, may have been

Initially fine-grained dolomite

was also subjected to additional diagenesis by these dilute waters.
Crystals enlarged and developed clear rims as dolomite was precipitated
from fresher waters.
Large, curved crystals of dolomite, or dolospar, are most commonly
found in supratidal dolomites.

That which was identified in celestite

nodules (Figure 48d) is ferroan, contains dark inclusions and apparently
is a replacement product after celestite.

The precipitation of this

type of diagenetic dolomite may favor the presence of sulfates, low
salinity and low Mg

2+

and Assereto, 1974).

concentrations in the waters of formation (Folk
Furthermore, the presence of Fe

2+

in the lattice

suggests that the waters were phreatic and dominated by reducing condi
tions.

At one time, similar conditions may have been met in the fresh

water phreatic lenses of the Monteagle bar crest environments.

Late Subsurface Dolomitization
Most of the dolomite derived from late subsurface diagenesis is
usually restricted to the echinoderm-bryozoan facies as a replacement
product.

However, it may also be present in the oolitic facies, but
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not as abundantly as that within the former facies.

Crystals take the

shape of rhombic euhedra and range in size from 20 to 10Q microns.
rhombohedra have cloudy centers and clear rims.

The

Micrite and micritized

alloc'nems were most susceptible to dolomitization:

ecninoderms were

least susceptible and the other skeletal grains were intermediately
affected.

The susceptibility of some allochems to dolomitization and

the resistance of others was probably dependent upon their intragranular
porosity, crystal size, surface area, and the mineralogy of the particle
at the time of dolomitization (Murray and Lucia, 1967).
Rhombohedral dolomite in the Monteagle Limestone is considered to
be a late diagenetic product because of some diagnostic fabrics illus
trated by the dolomite.
1.

Unit rhombohedra occur along pressure dissolved grain contacts
and contain inclusions of grains that were pressure dissolved,
thus showing that pressure solution occurred first (Figure 49a).

2.

Dolomite commonly occurs in and adjacent to stylolitic seams
as a product of stylolitization, not as an insoluble residue
(Figure 49b).

One sample was

collected in which lutaceous-

rich seams contained tiny rhombs of ferroan dolomite.

Perhaps

both the Mg and the Fe in the dolomite were derived from the
clay contained within the seams.
3.

Sparry calcite cement, which was precipitated after pressure
solution, has been replaced by dolomite (Figure 49c).

A minor amount of coarse dolospar also is present as a late stage
diagenetic product, some of which may be a pore-filling cement, rather
than a replacement product.

Where both calcite and dolomite fill inter-

granular pore space and are in contact with each other, the boundaries
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Figure 49.

Photographs of late stage dolomite.
A.

Euhedral replacement dolomitebetween two ooids.
Note the inclusions of grains within the dolomite
rhomb. Plane light. Bar scale = 0.10 mm.

B.

Fine-grained euhedral-subhedral dolomite along clayrich stylolite. Plane light.
Bar scale = 0.2 mm.

C.

Euhedral dolomite replacing equant sparry calcite and
bladed crust cement. Plane light. Bar scale = 0.10 mm.
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between them are plane and even (Figure 50).

In fact, where a bladed

crust is present in these samples, its calcite mineralogy is retained
even though the adjacent sparry cement is dolomite.

If dolomite had

replaced and mimicked sparry calcite, it seemingly should also have re
placed the bladed calcite.
An allochthonous source provided the magnesium necessary to perform
late stage, subsurface dolomitization.

It is not likely that the Mg was

derived from either magnesium-bearing skeletal grains in the Monteagle
or from connate brines trapped in the strata.
passed through the Monteagle and flushed out Mg
grains and the connate brines.

Dilute waters had already
2+

from both the skeletal

The thick clastic sequence to the south

may have provided a considerable amount of magnesium which was stripped
out of the clays during sediment compaction and de-watering.

If so,

however, iron should also have been released and subsequently incorpo
rated into the dolomite, but as has been shown, very little Fe is present
in these dolomites.
The most likely source of magnesium was probably the Bangor Lime
stone.

Up to 120 meters of Bangor Limestone overlie the Monteagle and

it undoubtedly played a major role in the initiation of pressure solu
tion in the Monteagle.

While pressure solution and sparry calcite

cementation was occurring in the buried Monteagle Limestone, deposition
and early diagenesis of the Bangor was still taking place.

Incongruent

dissolution of magnesium from Mg-bearing allochems in the Bangor was
probably occurring during this time also.

Magnesium was taken into

solution and eventually migrated downward into the Monteagle where it
became concentrated enough in the limited amount of pore space remaining
to cause dolomitization.

Mg

2+

2+

/Ca“

ratios need not have been high; per

haps they were as low as 1:2 (Folk and Land, 1975).

Figure 50.

Photomicrographs of dolospar.
A.

Plane crystalline boundary between dolospar (D) and
sparry calcite (C). Plane light. Bar scale = 0 . 2 mm.

B.

Dolospar (D) succeeds bladed calcite crust.
Note
that the crust has not been replaced by the massive
dolomite. Plane light. Bar scale = 0.10 mm.
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Figure 50
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Grain Compaction and Pressure Solution

Grain compaction and pressure solution played a paramount role
in the post-depositional alteration of original grain fabric in the
Monteagle Limestone.

Fractured and pressure-dissolved grains are

present in every stratigraphic section visited.
The basic process of compaction and pressure solution results from
high stresses which are created under thick overburden pressures at
point contacts.

This increases the solubility of grains at those

points so that they preferentially dissolve there.

If dissolution

does not keep pace with increased pressure, grains may fracture and
crush.

Clearly, for pressure solution to occur, there must be dis

solution which in itself requires the presence of a fluid in order to
allow the diffusion of ions away from the contacts.

Weyl (1959)

hypothesized that grains which are under stress can be separated by a
solution film; this requires then that the solution be able to support
a shear stress.

In unconsolidated sediments under load, the distribution

of strain at the surfaces of grains near the points of contact are a
function of grain orientation, size, shape, anisotropy of the crystal
lattice and the fabric of the crystal mosaic in polycrystalline grains
(Bathurst, 1971).
Two conditions must be met in order to maintain pressure solution.
First, it is necessary that stress be continually transmitted and,
second, a solution film must be maintained between the grains in order
that dissolution and ion diffusion can occur.

Pressure solution,

crushing and fracturing of grains cannot take place after the precipi
tation of second generation cement because the cement prevents the
relative movement of grains and absorbs much of the stress that would

normally be transmitted to the grains.
first generation

With only the presence of a

cement, however, pressure solution and breakage can

occur..
Two types of pressure solution fabrics are present in the Monteagle
Limestone.
1.

Grain-to-grain fabrics

2.

Grain-cement-grain fabrics

Classic grain-to-grain fabrics occur in sediments lacking bladed calcite
cements (Figure 51a).

In each case, ruptured ooid lamellae and grain

deformation indicate that overburden pressure was responsible for grain
alteration (Figure 51a).

Simple near-surface sediment compaction and

dissolution by undersaturated (with respect to mineralogy of the sedi
ment) pore water (Becher, 1975) was not an important mechanism.

As a

result of grain-to-grain pressure solution, centers of grains approach
one another decreasing porosity and increasing grain volume.

It was

determined that in loosely packed oolitic grainstones which have not
undergone

pressure solution, the average number of grain-to-grain con

tacts per ooid is 0.86.

This value increases fourfold in Monteagle

oolitic grainstones which were intensely pressure dissolved where as
many as 3 grain-to-grain contacts per ooid were recorded.
be sutured, planar or concavo-convex (Figure 51b).

Contacts may

Some allochems seem

to be more resistant to pressure solution than others.

Echinoderms

appear to be most resistant, especially those with syntaxial overgrowth
cements.

This suggests that rim cements preceded pressure solution and

helped prevent dissolution of echinoderm skeletal fragments.

Grains

which penetrate an adjacent grain may also be penetrated by another
grain (Figure 51b).

Finally, large and small grains are affected alike

in this type of pressure solution.

Figure 51.

Photomicrographs of pressure solution fabrics.
A.

Classic grain-to-grain pressure solution. Note the
ruptured ooid cortex. Plane light. Bar scale = 0 . 2 mm.

B.

Pressure solution between two ooids involving
dissolution and penetration. Note the bladed
crust (arrow) which has played an active role
pressure solution. Plane light. Bar scale =

mutual
calcite
in
1.0 mm.

Figure 51

In the second type of fabric produced by pressure solution, grains
are separated by a fringe of cement which was precipitated prior to
grain dissolution (Figure 52).

Furthermore, this type of fabric is

most commonly exhibited by larger ooids.

In graded foreset laminae of

cross-bedded oolitic limestones, the larger ooids are usually pressure
dissolved, deformed and are overlain by smaller ooids which are vir
tually uncompacted (Figure 52).

When pressure solution was initiated

the finer-grained sediment was more thoroughly cemented than the larger
ooids so that the stress was absorbed by the smaller grains and cement,
and as a result critical stress was not attained.

However, in the

coarser-grained sediment, the cement/pore space ratio was low and
stresses had to be absorbed mostly by the grains.

As a result critical

stress limits were exceeded and pressure solution occurred there.

Pres

sure solution was so intense, in some cases, that thin remnants of what
were once whole grains are now sandwiched between pressure dissolved
grains (Figure 52).

The removal of material from tops and bottoms of

grains which resulted in the elongation of grains parallel to bedding
suggests that the pressure was directed vertically (Figure 52).

Fab

rics of this kind are rare; only Coogan (1970) and Bathurst (1971) have
reported similar fabrics elsewhere, and in both cases the authors sug
gested that the fringe cement was present prior to pressure solution
and served to separate the dissolving grains.
Coogan (1970) determined that various compaction indices can be
used to evaluate the grain volume and percentage of grain-to-grain con
tacts in thin-sections of oolitic grainstones.

Packing density was

proposed by Kahn (1950) and a simplified version was proposed by
Coogan (197Q).

It may be expressed as xPD% = £gi/TL x 100, where xPD

Figure 52.

Photomicrographs of pressure solution fabrics as controlled
by early bladed calcite cement and grain size.
A.

Pressure solution in oolitic grainstone. Note the
separation of grains by bladed cement. Plane light.
Bar scale = 1.0 mm.

B.

Pressure solution as related to grain size. Intensely
pressure dissolved large ooids at the top belong to
the coarse lower part of a graded foreset lamination.
The finer-grained ooids below are not pressure dissolved
and comprise the upper finer portion of a graded foreset
lamination. Plane light. Bar scale = 1.0 mm.
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is the arithmetic mean of the separate measurements made, gi is the
grain intercept size of each grain traversed and TL is the total length
of all traverses.

The expression of packing index in oolitic grain

stones may be written as xPI% = GC/N x 1Q0, where GC is the number of
grain-to-grain contacts along a traverse and N is the total number of
grains along the same traverse.

Compaction indices for loose, uncement

ed oolitic sand, deeply buried Smackover limestone and for Monteagle
oolitic grainstones with cement fringes are given in Table 5.

Grain

volume is substantially higher in Smackover and Monteagle samples than
in the Browns Cay sand.

However, packing indices are anomalously low

in the Monteagle, even lower than Browns Cay sand.

Anomalously low

indices suggest that part of the cement fringe along grain-to-grain
contacts may have been created as a result of pressure solution.

Per

haps the thin solution films along grain contacts not only removed
carbonate in solution but also removed organic pigmentary material with
in the grains along a thin zone bordering the grain contacts.

If pig- .

ment was removed, the calcite along that zone could have reverted to a
clear fringe enabling it to easily merge with true cement in the pores
and be mistaken for remnant cement.
Some bladed crusts, however, preceded pressure solution and later
participated in pressure solution (Figure 53).

Preservation of these

cements during pressure solution may have been enhanced by crystal sizesolubility relationships between the cement and the host grain.

The

concentric lamellae in ooids are composed of tiny crystallites whereas
the bladed cements are composed of larger crystals.

While under stress

and dissolution, the smaller crystals belonging to the ooid lamellae
should have dissolved first because of the greater surface area per

Packing Density

Packing Intensity

Uncompacted oolitic sand
(Browns Cay, Bahamas)

64.8%

18.6%

Smackover Formation
(10,360 feet)

95.9%

72.8%

66.4%
56.2%
65.7%
64.8%
71.7%
*78.5%
*65.8%
*71.4%
*80.4%

14.0%
14.0%
12.5%
12.5%
35.5%
11.5%
4.0%
11.0%
9.0%

Monteagle Limestone oolitic grainstone samples

* Samples in which bladed calcite cement played an active role during
pressure solution.

Table 5.

Compaction indices for uncompacted, uncemented oolitic sand,
deeply buried Smackover Formation, and Monteagle oolitic
grainstones.

Figure 53.

Photomicrographs of pressure solution fabrics.
A.

Ruptured ooid cortex created during pressure solution
of cemented grainstone. Plane light. Bar scale =
0.20 mm.

B.

Fractured and displaced early bladed cement (arrow).
Note that the bladed crust has been preserved whereas
the host grain has been dissolved at the grain-tobladed cement contact. Plane light. Bar scale =
0.10 mm.
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Figure 53

unit volume.

Another factor which must be considered, however, is the

solubility of crystals along crystallographic axes.

Fibrous aragonite,

high magnesian calcite and calcite grow most rapidly in a direction
parallel to their c-axes.

With rapid growth of a crystal parallel to

the c-axis, any crystal faces that develop parallel to that axis (1 0 0 ,
010) grow the slowest.

Correns (1969) showed that the faces which sur

vive crystal growth are those with the slowest growth velocities.

It

might be expected that since growth is more rapid in the c-direction,
dissolution may also be more rapid in the c-direction and suggests that
if pressure was applied in a direction parallel to the c-axis of a
fibrous calcium carbonate crystal, dissolution would be more rapid
there.

However, Correns (1969) claims that if a crystal is dissolved

from the outside, those faces with the greatest growth velocity (0 0 1 )
should persist and dominate.

It is not known, however, if this princi

ple holds true for crystal dissolution under linear stress.
The amount of cement generated by pressure solution in the Mont
eagle Limestone probably was not enough to equal the amount of equant,
pore-filling cement present.

An additional source of cement may have

been provided from outside the system.

But because these sands were

already partially cemented, and as a result had lost about 1 0 % of its
porosity, the amount of bulk volume reduction and cement generation
needed to close up the pores were reduced.

Pressure solution could

have provided sufficient amount of cement in that case.

Silicification

Diagenetic silica is common in the Monteagle Limestone but it is
usually restricted to the echinoderm-bryozoan and dolomite facies.
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Minor amounts occur in the oolitic facies.

In the field, silica occurs

in four different forms.
1.

Nodular chert with nodule diameters as great as 30 cm are
commonly present in the echinoderm-bryozoan facies.

Al

though most nodules are ovate, amoeboid shapes are quite
common (Figure 54a).

Nodules are frequently brown or blue

and even white.
2.

Discontinuous, thinly bedded chert is very similar to nodular
chert and, in fact, the bedded variety may have formed as a
result of the coalescence of closely spaced nodules.

3.

Drusy infillings of evaporite nodules are very common in
the dolomite facies (Figure 31a).

4.

Simple replacement of fossils can be seen both in outcrop
and in thin-sections.

In each of these occurrences, silica is present as either microcrystal
line quartz (chert), spherulitic chalcedony or monocrystalline,
euhedral quartz.
The microcrystalline variety, or chert, consists of an interlocking
mosaic of tiny anhedral quartz crystals (less than 5 microns to 20
microns).

Generally, each of the unit anhedra appear clear under plane-

polarized light, but they may be tinted by brown inclusions, fine
grained pyrite and hematite (pseudomorphic replacement of pyrite).
Length-slow or length-fast spherulitic chalcedony tends to be most
abundant in skeletal allochems, especially crinoids, brachiopods and
bryozoans (Figure 54c).

Spherulites range up to as large as 1 mm in

diameter and some have long, optically continuous fibers, whereas
others are composed of bundles of short and wide fibers.

Chalcedony

160
Figure 54.

Photographs of chert and chalcedony.
A.

Nodular chert occurring in echinoderm-bryozoan facies.

B.

Blue chert nodule in echinoderm-bryozoan packstone.

C.

Spherulitic chalcedony occurring along pressure dissolved
crinoid grains. Plane light. Bar scale = 0.2 mm.

D.

Banded chalcedony in chert nodule.
scale = 0.2 mm.

Crossed nicols.

Bar
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also occurs as bands and as outer drusy linings of eyaporite nodules
(Figure 54d).
Monocrystalline euhedral quartz is most abundant in the oolitic
facies and within evaporite nodules of the dolomite facies.

This type

of quartz can be both microcrystalline and megacrystalline.

Micro

crystalline quartz consists of crystals ranging from 0.04-0.09 mm in
diameter and is most commonly present within both micritized skeletal
fragments and ooids, pellets and intraclasts (Figure 55a-b).
mega-quartz crystals range from 0.3-1 .8 mm in diameter.

Euhedral

The larger

crystals commonly transect grain boundaries and contain inclusions of
both grains and the intergranular cement (Figure 55c).

Mega-quartz

also has replaced equant and bladed calcite cement in rugose coral and
that which is present in evaporite nodules has replaced celestite and
dolomite (Figure 55d).
It is widely known that much of the Mississippian carbonate strata
in the mid-continent contain a large quantity of chert, either bedded
or nodular.

These cherty carbonate strata include the Boone Limestone

and chert in Arkansas, the Fort Payne, which is equivalent to the Boone,
in Alabama, and the overlying Tuscumbia Limestone.
tains much less chert than these older strata.

The Monteagle con

The origin of this chert

in shelf carbonates has long been debated (Biggs, 1957; Robertson, 1967;
Tarr, 1926; Van Tuyl, 1918), but by most accounts, it is now accepted
that cherts in shelf carbonates are authigenic rather than primary.
The silica was probably derived from organic sources, such as sponge
spicules, and radiolaria.

Volcanism probably cannot be invoked to

explain the occurrence of chert in these strata because of the lack of
associated volcanic rocks (Berner, 1971).

Figure 55.

Photomicrographs of euhedral quartz.
A.

Euhedral micro-quartz in ooid cortex.
Bar scale = 0.2 mm.

Plane light.

B.

Close-up of euhedral micro-quartz in ooid cortex.
Plane light. Bar scale = 0.10 mm.

C.

Euhedral mega-quartz transecting grains and cement.
Plane light. Bar scale = 0.2 mm.

D.

Euhedral mega-quartz replacing celestite. Note the
inclusions within the quartz. Plane light. Bar
scale = 0.2 mm.

Figure

55
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According to Lowe (1975) as the seaway which occupied the present
site of the Appalachian tectonic belt began to close during the rfiddle
Paleozoic, an increased amount of upwelling Pacific water flowed into
the Ouachita system and passed northward up onto the shallow shelf.
This water was cool, nutrient-enriched and served as an ideal habitat
for planlttonic organisms.

In the deeper water, planktonic raaiolaria

removed silica from solution and in the shallow shelf environment, an
additional amount was removed by siliceous sponges.

As these siliceous

organisms accumulated in the sediment after death, interstitial water
dissolved the opaline silica.

Where sediment was contained within a

closed system (Berner, 1971), little silica was lost and the inter
stitial water quickly became saturated with respect to opal.

Because

quartz is less soluble than opal, supersaturation with respect to quartz
was also reached and afforded the opportunity for the precipitation of
chert.
The origin of late diagenetic silica was much different.

The

scattered emplacement of spherulitic chalcedony and monocrystalline
quartz cross-cutting allochems and late calcite cement was the last
significant diagenetic event which affected the Monteagle Limestone
(excluding cavern formation).

It is difficult to call upon a major

migration of silica-bearing water into the strata because at the time
of silicification, these strata were impermeable and almost completely
cemented.

The only likely source would have been an autochthonous one.

Perhaps the remaining balance of silica contained within the organic
material of allochems was locally mobilized and re-precipitated as
quartz and chalcedonic quartz.

A similar explanation was proposed by

Jacka (1975) in his analysis of late-stage chalcedony occurrences in
allochems.
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Paragenesis and Early paleohydrology

The diagenetic minerals and fabrics present in the

H o nteagle

Lime

stone were created and modified by processes that were active through
out much of the history of these strata.

Furthermore, it has been shown

that the early diagenetic imprint was largely related to the host lithofacies and consequently to the depositional and diagenetic environments
therein.

This study would not be complete without an attempt to illus

trate an early paleohydrologic-diagenetic scheme which can explain the
relation betwTeen depositional environments, diagenetic processes and
their products (Figure 56).

This explanation is simple and undoubtedly

an incomplete depiction, for it does not illustrate variations in the
sediments' diagenetic history or those diagenetic products which were
once present and have since vanished without a trace.
The early diagenesis of the Monteagle Limestone can be directly
related to its early depositional history.

While these sediments were

in contact with sea water in subtidal-intertidal environments, micritic
and fibrous cementation occurred under the influence of organic activity
and a micropore fluid flow system that was driven by hydrodynamic pres
sure variations along the surfaces of bars and bed forms.

As the bars

spread or grew laterally and upward, they gradually became emergent and
the crests were subjected to a completely different style of sedimenta
tion and diagenesis.

Tidal flat sedimentation and vadose diagenesis

were the principal factors involved in this stage of history.

Under

certain conditions, fresh or brackish water lenses may have been
created atop the bar crests and two water masses, marine and meteoric,
had the opportunity to modify these sediments.

In meteoric vadose zones,

meniscus-style, low-magnesium calcite cementation occurred, and on tidal
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EARLY DIAGENETIC EVENTS OF A TIDAL BAR SEQUENCE

Submarine cementation of ooids by fibrous aragonite
and/or high-Mg calcite.
Marine phreatic - normal
salinity.

2.

3.

Penecontemporaneous dolomitization of
aragonite mud producing a fine-grained
dolomite.
Sr released in solution and
reprecipitated as celestite.
Hyper
saline brine water, high Mg/Ca ratio.

5.

Encroachment of fresh water or brackish
water lens.
Fine-grained dolomite
develops clear rims and becomes coarsergrained.
Dissolution of most evaporites.
Marine chemisty of dolomite is lost.

6.

Calichification and precipitation of
limpid dolomite and poikilotopic sparry
calcite in fractures and other voids.

Meteoric, vadose cementation of ooids.
Low Mg/Ca
ratio.
Possible dissolution of ooids also.

Complete spectrum of early diagenetic events within an oolitic tidal bar
and its cap of intertidal-supratidal deposits.

167

Figure 56.

Intertidal cementation of ooids by aragonite and/or
high-Mg calcite.
Cement may be fibrous and micritic;
rarely stalactitic.
Marine vadose - normal salinity.

4.
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flats where evaporative conditions were prevalent, evaporite minerals
were precipitated and lime muds were dolomitized by waters with high
Mg

2+

/Ca

2+

ratios.

Strontium x^as released in solution from aragonite

muds during dolomitization and was joined with SO^
precipitation of celestite.

2_

, resulting in the

With tidal flat buildup and progradation,

fresh water lenses developed and encroached into these sediments where
overgrowths of clear rhombic dolomite formed in the once fine-grained
dolomite.

Caliche deposits formed from extensive dissolution and re

precipitation of carbonate minerals on bar crests as water chemistries
changed drastically.
With subsidence or sea level rise and subsequent burial, Monteagle
sediments entered into the threshold of subsurface diagenesis.

With

increasing depth of burial, higher lithostatic pressures developed and
initiated pressure solution and grain deformation.

Precipitation of

equant sparry calcite cement followed, effectively sealing the strata
from further deformation and pressure solution.

Late stage dolomitization

may have resulted as a consequence of the infiltration of Mg

2+

-bearing

solutions from overlying strata and late stage silicification occurred
as a result of local mobilization and re-precipitation of disseminated
silica.
All of the diagenetic events which affected these rocks are graph
ically illustrated in Table 6 , and are arranged in a manner that
illustrates their temporal relationships.
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MAJOR DIAGENETIC PHENOMENA

MISSISSIPPIAN

Fibrous crust cementation------------------Micrite cementation

----

Supratidal dolomitization

----

Evaporite precipitation

----

Celestite and fluorite

— —

Early maturation of dolomite---------------- ---Meniscus cementation------------------------ ---Limpid dolomite precipitation

-----

Pressure solution and deformation
Equant calcite spar cementation

—
----

Subsurface dolomitization
9

Silicification

Table 6 .

—

Paragenesis of the Monteagle Limestone.

PENNSYLVANIAN(?)

SUMMARY AND CONCLUSIONS

Six lithofacies, based upon lichology, sedimentary structures and
biological constituents, can be recognized in the Monteagle Limestone.
They include:

echinoderm-bryozoan packstone/grainstone (Lithofacies I),

oolitic packstone/grainstone (Lithofacies II), dolomitic and lime mudstone/wackestone (Lithofacies III and IV), pellet wackestone/grainstone
(Lithofacies V ) , and a clay-snale facies (Lithofacies VI).

These litho

facies commonly occur in regularly ordered, stratigraphic sequences
suggesting that they record an original lateral association of facies
and depositional environments.

A complete vertical sequence includes a

basal unit of muddy fossiliferous limestone (Lithofacies I), overlain
by a thick unit of cross-bedded oolitic limestone, and followed by a
thin to moderately thick section of dolomitic-lime mudstone and occa
sionally pelleted limestone and shale.

This sequence records the ini

tial buildup and migration of an oolitic tidal bar into a low energy
environment culminating in the emergence of the bar above sea level
where tidal flat sedimentation occurred.
An isolith map of oolite concentration (Figure 15) suggests that
a belt of oolitic sand was developed along a northeast-southwest line.
Paleocurrent data from individual oolitic units and stratigraphic cor
relations suggest that individual sand bodies were also oriented
northeast-southwest, and that the initial buildup and migration of
bars occurred where the stronger tidal current was more effective.
Some bars initially migrated toward the northeast and others migrated
toward the southwest.

This suggests that ebb and flood currents took
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preferred flow paths and that at any one point, either of the two
currents may have been stronger.

With growth and expansion, each bar

came under the increasing influence of the weaker reverse current,
which resulted in the reversal of paleocurrent azimuths at the tops of
most sand bodies.
Strong tidal currents may have been generated by the flow of water
through a strait created between the Nashville dome and a westward pro
grading deltaic complex to the east.

Cooler waters flowed from the

Ouachita trough into the Upper Mississippi Valley where they then turned
eastward and flowed through the Cumberland saddle, a gap between the
Cincinnati arch and the Nashville dome.

The presence of an eastern

coastal zone along the Appalachian trend forced the eastward flowing
current to turn northeast and southwest.

Currents flowing southwest

were eventually dissipated as a flood current system in northeastern
Alabama.

Ebb currents flowed from that area toward the northeast.

As

suggested by the flysch-like features in the Floyd Shale of Alabama and
Georgia, an additional source of cool, nutrient-bearing deep ocean water
may have been present along what is now the Georgia-Alabama state line.
This body of water may also have provided some of the tidal and wave
energy which was responsible for the buildup of large sand bodies in
the study area.
Many of the diagenetic changes which affected Monteagle sediments
are believed to have taken place during the early history of these rocks.
Early diagenesis was caused largely by precipitation of carbonate
minerals in subtidal to supratidal sediments.

Micritic and fibrous

aragonite or high-magnesian calcite cementation dominated the marine
phreatic and lower vadose zones, whereas dolomitization and precipitation
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of celestite and evaporites occurred in the tidal flats or sabkha
environments.

As fresh-brackish water lenses formed on the

bar crests,

grain dissolution and precipitation of low-magnesian calcite, meniscus
cements occurred there.

Fine-grained dolomite developed clear over

growths and rhombic crystals in fresh waters, and extensive dissolution
and re-precipitation of carbonate minerals led to the formation of local
soil zones or caliches.
With burial and increasing overburden pressures, grain deformation
and pressure solution was initiated.

Preferential dissolution and

deformation of larger ooids suggest that these ooids were incompletely
cemented at the time of pressure solution.

Calcium carbonate was re

leased by pressure solution and re-precipitated as equant, post-compactional sparry calcite cement.
with low Mg

2+

/Ca

2+

Migration of magnesium-bearing fluids

ratios into the almost wholly cemented strata pro

duced late-stage dolomite replacement fabrics in allochems and matrix.
Later local mobilization and re-precipitation of authochthonous silica
occurred on a micro-scale, and led to the silicification of selected
allochems.
The data and interpretations presented in this study lead to some
concluding statements which illustrate the importance of this study.
1.

The tremendous amount of information that we have gained from
sedimentological studies of Holocene tidal sand bodies, most
notably Ball (1967), has biased our outlook upon ancient
oolitic sequences.

Depositional models for many ancient

sequences follow too closely the characteristics of Bahamian
shelf-edge oolite shoals and are probably not accurate.
Depositional models must offer an independent explanation

that combines the author's most logical interpretations,
based upon sound data, with the limited amount of application
that can be given by a Holocene sequence.

This study has

successfully attempted to do that by combining a knowledge
of the Holocene with a knowledge of lithology, distribution
and sequences of facies, sedimentary structures, lateral and
vertical distribution of paleocurrents, probable processes
responsible for the sedimentary sequences, and a knowledge
of the overall paleogeographic framework of Late Mississippian
time.

It has enabled the author to propose a unique inter

pretation to explain the sedimentary history of an epeiric
sea, high-energy sequence of oolitic limestones.
The sedimentological concepts presented in this study have
shown that the development of the Monteagle Limestone was
compatible with the development of major, prograding coastal
systems along the Appalachian trend.

The high rate of subr

sidence along the tectonic belt was responsible for the thick
accumulation of clastic sediment there and probably was
equally responsible for the development of unusually "pure"
carbonate sediments at such a nearby site.

The geosyncline

and Black Warrior basin served as traps for clastic sediments
attempting to pass through them.

Had not these zones of sub

sidence been present, it is doubtful that the carbonate
sequences that developed would have been so free of clastic
material.
The early diagenetic imprint of Upper Mississippian and
Holocene-Pleistocene carbonates is strikingly similar and
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suggests that many of the diagenetic principles which hold
true for Holocene-Pleistocene sediments apparently are valid
when cautiously applied to ancient sequences.
The direction that future research should take is clear.

Addi

tional work needs to be done on the Pride Mountain-Floyd sequences in
Alabama and Georgia.

They must be investigated in order to determine

whether any of the Floyd Shale was deposited in deep water and to
determine the origin of northwest-southeast trending, clastic quartzose
sand bodies in the Pride Mountain Formation.

Furthermore, the present

study did not investigate the transition between the Monteagle and
Pride Mountain Formations.

A study of this transition could reveal

some important information regarding the development of a thick sequence
of elastics proximally to a thick carbonate sequence.

Apparently the

depositional styles of the Monteagle and the overlying Bangor Limestone
were different.

The Bangor is a multi-cyclic depositional sequence

which was affected by numerous transgressive-regressive episodes,
creating an identical number of sedimentary cycles throughout north
eastern Alabama.

This, of course, contrasts with the truly non-cyclic

nature of the Monteagle Limestone.

A stratigraphic study of these

cycles may provide some answers concerning Late Mississippian tectonics
and/or sea level fluctuations.

Lastly, a detailed geochemical study of

one or more of the complete, oolitic tidal bar sequences in the
Monteagle Limestone is needed to reach a more complete understanding of
the diagenetic evolution of these rocks.

This could enable petrologists

to determine the reliability and applicability of correlative studies
of Holocene sequences to reaching a determination of the geochemical
evolution of the earth, and in prospecting for economically valuable
hydrocarbon deposits.
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APPENDIX A

Classification of Carbonate Rocks According to Depositional Texture
(Dunham, 1962)

Depositional Texture Recognizable
Original Components Not Bound Together
During Deposition

Original Compo
nents Bound To
gether During
Deposition

Contains Mud
Mud Supported

Grain Supported Lacks mud and
is grain sup
<10% Grains >10% Grains
ported

Mudstone

Wackestone

Packstone

Grainstone

Boundstone

183

APPENDIX B

Diagenetic Code from Folk (1965)

I:

MODE OF FORMATION
P:

D:
N:

II:

Passive Precipitation
P: Normal pore-filling
Pg : Solution-fill
Displacive Precipitation
Neomorphism
N: As a general term or where exact processes are unknown
N^ : Inversion from aragonite
Nr : Recrystallization from calcite
R: Replacement

SHAPE
E:
B:
F:

Equant, axial ratio 1.5:1
Bladed, axial ratio 1.5:1 to 6:1
Fibrous, axial ratio greater than 6:1

III: CRYSTAL SIZE
Class
Class
Class
Class
IV:

1
2
3
4

-

0.001
0.004
0.016
0.062

mm
mm
mm
mm

Class 5 - 0.25 mm
Class 6 - 1.0 mm
Class 7 - 4.0 mm

FOUNDATION
0:

Overgrowth, in optical continuity with nucleus.
0: Ordinary.
0^: Monocrystalline

C:

Crust, physically oriented by nucleant surface.
C: Ordinary

S:

Spherulitic with no obvious nucleus (fibrous or bladed
calcite only)

APPENDIX

CL

Explanation of Symbols
Echinoderms
Bryozoans
Brachiopods
Rugose Coral
Algae
Ooids
Intraclasts
Pellets
Quartz Sand
Burrows
Evaporite Nodules
Tabular Cross-stratification
Festoon Cross-stratification
Limestone

Dolomite
Shale
Chert
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APPENDIX C2
Location of Measured Sections

AL-1

Monte Sano. Madison County, Secs. 9, 10, 15, T.4S., R.1E.,
6.5 km east of intersection of U.S. 231 and U.S. 431. Begin
at lowest outcrop on south side of highway.

AL-2

Swaira. Jackson County, Sec. 22, T.2S., R.4E., on Ala. 146,
1 km east of Swaim. Begin at bed marked with 8 in paint on
north side of road.

AL-3

Laceys Spring. Morgan County, U.S. 231 roadcut, 1 km north
of intersection with Ala. 33. Begin at north end of outcrop.

AL-4

Skyline. Jackson County, Secs. 29, 32, T.3S., R.5E., roadcut
on Ala. 79, 4.8 km north of intersection with U.S. 72. Begin
at lowest outcrop on east side of road.

AL-5

Chapman Mountain. Madison County, U.S. 72 E. roadcut, 9.5
km east of intersection with U.S. 231. Begin at lowest
outcrop on south side of road.

AL-6

Gurley Quarry. Madison County, 1.6 km west of Gurley on north
side of U.S. 72.

AL-7

Scottsboro Quarry. Jackson County, sec. 22, T.4S., R.5E.,
on south side of U.S. 72.

AL-8

Candlestand.

AL-11

Sulphur Springs Gap. DeKalb County, secs. 9, 10, 15, 16,
T.4S., R.10E. Begin lowest outcrop on NW side of road.

AL-12

Fabius. Jackson County, secs. 34, 35, T.2S., R..8 E., on Ala.
117 East. Begin at lowest outcrop on south side of road.

AL-13

Bridgeport Quarry.

AL-14

Scottsboro. Jackson County, sec. 36, T.4S., R.6 E., Sec. 1,
T.5S., R.6 E., on Ala. 40. Begin at lowest outcrop on south
side of road.

TN-1

Rowe Gap. Franklin County, 6.4 km south of Winchester.
at lowest roadcut on east side of road.

TN-2

East side Monteagle Mountain. Marion County, Interstate
Highway 24 W. Begin lowest outcrop on west side of highway.

TN-3

West side Monteagle Mountain. Grundy County, Interstate
Highway 24 E. Begin lowest outcrop on south side of highway.

Madison County, sec. 34, T.4S., R.2E.

Jackson County, sec. 15, T.1S., R.8 E.

Begin
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APPENDIX C2 (continued)

TN-4

Sherwood Quarry.
at Sherwood.

TN-5

Lookout Mountain.

GA-1

Johnson Crook.
on Ga. 189.

GA-2

LaFayette Project drill hole. Chatooga County, drill hole
2-X1006. Core stored at Ala. Geological Survey, Tuscaloosa,
Alabama.

Franklin County, 1 km east of Tenn. 56

Hamilton County, Chattanooga.

Dade County, 8 km east of Rising Fawn
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Measured Section AL-1 - Monte Sano
INFERRED
DEPOSITIONAL

EHVffiamrc
SUB- INTER SUPRA
TIDAL TIDAL TIDAL

COLUMNAR

PALEO-

SECTION

CURRENTS

LITHOLOGV

Quartz arenite: Fine grained; flat to wavy laminated;
horizontal and inclined burrows (1 mm in diameter).

Shale:

Fossiliferous; silty; fissile.

Echinoderm/Bryozoan packstone and shale.

Shale:
Iago I

ft

I

Fossiliferous; silty; fissile.

Echinoderm/Bryozoan wacke-packstone:
thin-bedded.

Abundant brachiopods;

Dolomitic mudstone: Vugs (7 cm in diameter) filled with
^sparry calcite; large cobbles on top bedding surface.
Oolitic grainstone: Channel-fill.

Interbedded marly shale and Echinoderm/Bryozoan packstone:
Fossiliferous; lenticular beds 5 - 30 cm thick.

r*rr£q

Oolitic grainstone: Coarse-grained; rip-up clasts of lime
mudstone at base; wavy laminated.
_____________
Interbedded marly shale and Echinoderm/Bryozoan packstone:
Fossiliferous; lenticular beds.

Interbedded marly shale and Echinoderm/Bryozoan packstone:
Fossiliferous; lenticular beds 5 - 30 cm thick.

Oolitic grainstone: Coarse-grained; rip-up clasts of lime
mudstone at base; wavy laminated.
Interbedded marly shale and Echinoderm/Bryozoan packstone:
Fossiliferous; lenticular beds.

Echinoderm/Bryozoan Grainstone:
wavy laminated.

Fine- medium-grained;

Echinoderm, oolitic grainstone: Coarse-grained; festoon
cross-bedded, 17 cm thick cross-sets.____

Echinoderm/Bryozoan wacke-packstone: Fine- coarse-grained;
silicified coral and crinoids; blue chert nodules__________
Echinoderm, oolitic grainstone: Wavy laminated.
Bioclastic, oolitic grainstone: Upward coarsening; cross
bedded at top; grades laterally to burrowed, lime mudstonewackestone.
Oolitic grainstone: Festoon cross-bedded, 20 - 26 cm thick
cross-sets; wavy-flat laminated.

<ss»
Oolitic and bioclastic grainstone.

Echinoderm, oolitic grainstone: Coarse-grained; crossbedded.___________________________________
Oolitic, echinoderm grainstone: Coarse-grained; flat lam.
Echinoderm, oolitic grainstone:
Pellet, oolitic grainstone:

Platy-bedded.

Cross-bedded.

Echinoderm/Bryozoan, oolitic, pellet grainstone: Large
bioclasts: poorly sorted: cut-and-fill at base._____________
Echinoderm/Bryozoan wackestone-packstone: Ostracods, ooids,
coral; burrows; fine, wavy laminated.________________________

Echinoderm/Bryozoan wacke-packstone: Slightly oolitic,
some coral; abundant blue-gray, irregularly shaped chert
nodules and thin stringers of chert.

bedded at top; grades laterally to burrowed, lime mudstonewackestone.
Oolitic grainstone: Festoon cross-bedded, 20 - 26 cm thick
cross-sets; wavy-flat laminated.

Oolitic and bioclastic grainstone.

Echinoderm, oolitic grainstone: Coarse-grained; crossbedded._________________________________________ ________ ____
Oolitic, echinoderm grainstone: Coarse-grained; flat lam.
Echinoderm, oolitic grainstone:
Pellet, oolitic grainstone:

Platy-bedded.

Cross-bedded.

Echinoderm/Bryozoan, oolitic, pellet grainstone: Large
bioclasts: poorly sorted: cut-and-flll at base.______________
Echinoderm/Bryozoan wackestone-packstone: Ostracods, ooids,
coral; burrows; fine, wavy laminated.________________________

Echinoderm/Bryozoan wacke-packstone: Slightly oolitic,
some coral; abundant blue-gray, irregularly shaped chert
nodules and thin stringers of chert.

Echinoderm, oolitic grainstone: Coarsens upward; colonial
coral masses near top; wavy laminated; minor cross-bedding,
0.7 m thick cross-set near top._____________________________
Oolitic pack-grainstone: Fine-grained.
Echinoderm/Bryozoan wacke-packstone: Few ooids.
Echinoderm/Bryozoan wacke-packstone:
Blue-gray chert
nodules at top. Fossil debris segregated into lenses.
Echinoderm/Bryozoan grainstone:

Fine- coarse-grained; chert.

Echinoderm/Bryozoan wacke-packstone:

intervals

Fine-gr.
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Measured Section AL-2 - Swaim
INFERRED
DEPOSITIONAL
ENVIRONMENT
SUB- tNTER- 5UPRATIDAL TIDAL TIDAL

COLUMNAR
SECTION

PALEOLITHOLOGY

CURRENTS

Dolomitic wackestone and oolitic grainstone: Wavy laminated
in lower part; cut-and-fill, 0.7m at base.
Lime mudstone and finely laminated, pellet packstone.________

/

Slightly oolitic, Echinoderm/Bryozoan packstone:
base.

Muddy at

Echinoderm, oolitic grainstone.

<>
)

<
>

s

Oolitic and echinoderm grainstone:
5 - 3 0 cm thick cross-sets.

Festoon cross-bedded,

Bioclastic, oolitic grainstone.

Echinoderm and oolitic grainstone:

Cross-bedded.

()
()

Echinoderm grainstone:

Cross-bedded.

Oolitic and echinoderm grainstone:
5 - 30 cm thick cross-sets.

Festoon cross-bedded,

Bioclastic, oolitic grainstone.

Echinoderm and oolitic grainstone:

Echinoderm grainstone:

Cross-bedded.

Cross-bedded.

Oolitic, bioclastic pack-grainstone:

Cross-bedded.

Bioclastic, oolitic pack-grainstone:
minor cross-bedding.

Wavy laminated and

Dolomitic mud-wackestone._________________________________
Calcareous shale.______ _______
Dolomitic mudstone: Small vugs tilled with sparry calcite.

Echinoderm/Bryozoan pack-grainstone:
wavy laminated; shale partings,

Cross-bedded and

Massive, echinoderm, oolitic grainstone.
Oolitic, bioclastic grainstone: Crinoid lenses; smallscale cross-laminations, wavy laminations.

Echinoderm, intraclastic, pellet and oolitic grainstone:
Coarsens upward.

Echinoderm and oolitic grainstone:
cross-bedding.

Small and large-scale

•f

a /• <t

Echinoderm and oolitic grainstone:
cross-bedding.

Echinoderm grainstone:

Small and large-scale

Coarse-grained; flat laminated.

Oolitic grainstone: Very well sorted; small-scale cross_______
_________________
__________
lamlnaMons.
Echinoderm, oolitic pack-grainstone: More oolitic at top;
minor cross-bedding.________________________________________

TIDAL

BAR

.Echinoderm/bryozoan packstone: Massive to cross-laminated.__
Lime mudstone: Lumpy intraclasts; birdseye structures; unit
fills depressions and thins over intervening highs (45 cm
„deep)._______________________________________________________ _

OOLITIC

Oolitic grainstone and Echinoderm/Bryozoan grainstone:
Cross-bedded.

/

BAR

Slightly fossiliferous, calcareous shale.
Muddy, Echinoderm/Bryozoan packstone.

TIDAL

s

OOLITIC

Oolitic grainstone and Echinoderm/Bryozoan grainstone:
Cross-bedded.

¥UX

■

Dolomitic mudstone: 10 cm diameter vugs filled with sparry
.calcite..
~Lime mudstone: Few isolated coralT
^l£al_lamiliat£dJ_b-ird_s_eye^. lime and dolomitic mudstone.

5 m intervals
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Measured Section AL-3 - Laceys Spring
INFERRED
DEPOSITIONAL
S'JBriDAL

INTERg UPRA
TIDAL TIDAL

COLUMNAR

PALEO-

SECTION

URRENTS

LITHOLOGT

Intraclastic, Echinoderm/Eryozoan packstone:
and cracked lime mud-wackestone at base

Thin,burrowed,

Echinoderm/Bryozoan packstone with lenses of lime mud-wacke
stone.

Oolitic, echinoderm grainstone:
bedded.

Coarse grained; cross-

Interbedded, marly shale and shaly echinoderm/bryozoan
packstone.

Bioclastic and pellet-oolitic packstone

Intraclastic, oolitic, echinoderm pack-grainstone:

Coarse-

Oolitic, echinoderm grainstone:
bedded.

Coarse grained: cross

Xnterbedded, marly shale and shaly echinoderm/bryozoan
packstone.

Bioclastic and pellet-oolitic packstone.

--

■—

Intraclastic, oolitic, echinoderm pack-grainstone:
grained; cross-bedded.

Coarse

05

s
►J
§
M
H
U
M
M

Oolitic grainstone: Coarse- medium-grained; well sorted;
bioclastic laminae; cross-bedded, cross-sets up to 110 cm
thick, tabular, slightly tangential toes, rarely scoured
tops and bases, some cross-strata may be traced for over
50 meters laterally; section is darker in the upper 2.1 m

8

;
/
Intraclastic, pellet, oolitic grainstone: Bored (?) lower
.surface - truncated grains and cement._____________________
Intraclastic, echinoderm/bryozoan packstone: Single cross
strata.

Intraclastic, pellet, echinoderm, oolitic grainstone.

Pellet, echinoderm/bryozoan packstone: Isolated rugose
coral at base; discontinuous laminae.___________________
Dolomitic echinoderm/bryozoan packstone: Coarse bioclasts;
bioclastic-filled burrows; minor small-scale cross-bedding

TIDA
OOLITIC

Oolitic grainstone: Coarse- medium-grained; well sorted;
bioclastic laminae; cross-bedded, cross-sets up to 110 cm
thick, tabular, slightly tangential toes, rarely scoured
tops and bases, some cross-strata may be traced for over
50 meters laterally; section is darker in the upper 2.1 m.

7
/
Intraclastic, pellet, oolitic grainstone: Bored (?) lower
.surface - truncated grains and cement._____________________
Intraclastic, echinoderm/bryozoan packstone: Single cross
strata.

n
I I
• 'I * l*°
I o*° •

Intraclastic, pellet, echinoderm, oolitic grainstone.

Pellet, echinoderm/bryozoan packstone: Isolated rugose
coral at base; discontinuous laminae.___________________
Dolomitic echinoderm/bryozoan packstone: Coarse bioclasts;
bioclastic-filled burrows; minor small-scale cross-bedding
in the coarser packstone.

1 m intervals
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4

Measured Section AL-4 - Skyline
INFERRED
DEPOSITIONAL
ENVIRONMENT

COLUMNAR
SECTION

PALEOCURRENTS

LITHOLOGY

SUB- INTER- SUPRATIDAL TIDAL H DAL
Pellet packstone:
nodules.

Finely laminated in part; blue chert

Oolitic and pellet wacke-packstone: Algal laminations,
burrowed.________________________________________________
Well sorted oolitic grainstone.
Dolomitic mud-wackestone.
Bioclastic, oolitic grainstone: Muddy at the top;
cross-bedded; burrowed in places.

Slightly oolitic and shaly echinoderm/bryozoan and pellet
wacke-packstone: Dolomitic in places.

Crinoid, pellet wacke-packstone: Platy, wavy laminated
in places; irregularly shaped chert nodules.

Bioclastic wackestone: Fine-grained; wavy laminations;
burrows in lower 1/3 meter.

Oolitic grainstone: Wavy and cross-laminated; dolomite
rip-up clasts at base.

Dolomitic mudstone and pellet wacke-packstone: Wavy
basal contact; fenestral fabrics; spar-filled vugs.

Crinoid, pellet wacke-packstone:
Platy, wavy laminated
in places; irregularly shaped chert nodules.

Bioclastic wackestone: Fine-grained; wavy laminations;
burrows in lower 1/3 meter.

Oolitic grainstone: Wavy and cross-laminated; dolomite
rip-up clasts at base.

Dolomitic mudstone and pellet wacke-packstone: Wavy
basal contact; fenestral fabrics; spar-filled vugs.

Pellet and bryozoan wackestone: Accretion-bedded; vaguely
laminated in part; brown, irregularly shaped chert nodules
in upper 2 m.

Oolitic, pellet, intraclastic, coated bioclastic wackegrainstone._____ ____________________________________________
Dolomitic mudstone and lime wacke-mudstone: Channel scour
1 m deep; birdseye structures and laminations; fracture
fill calcite veins and vugs.

Coated bioclastic, oolitic grainstone: Cross-bedded; large
sets near the base; wavy-smaller scale cross-laminated
toward the top.

Echinoderm packstone:

oolitic at top; laminated.

Dolomitic wacke-mudstone:

Brachiopods, bryozoans.

Massive, dolomitic bryozoan wacke-packstone.

Echinoderm/bryozoan packstone:
in places.

vaguely laminated; dolomitic

Interbedded, gray, fossiliferous shale and massive to
cross-bedded echinoderm/bryozoan packstone and grainstone.

Echinoderm packstone:

oolitic at top; laminated.

Dolomitic wacke-mudstone:

Brachiopods, bryozoans.

Massive, dolomitic bryozoan wacke-packstone.

Echinoderm/bryozoan packstone:
in places.

vaguely laminated; dolomitic

Interbedded, gray, fossiliferous shale and massive to
cross-bedded echinoderm/bryozoan packstone and grainstone.

Oolitic grainstone: Coarse- fine-grained; cross-laminated
and wavy-flat laminated.

Oolitic grainstone: Coarse- fine-grained; 1.5 m thick
cross-bed set at base; wavy-cross-laminated at top.
Bioclasts concentrated along laminae.

Echinoderm/bryozoan packstone:
but disrupted laminae.

5 m intervals

Medium-bedded; vague, wavy
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Measured Section AL-5 - Chapman Mountain
INFERRED
DEPOSITIONAL
ENVIRONMENT

COLUMNAR
SECTION

PALEOCURRENTS

LITHOLOGY

SUBTIDAL

Bioclastic pack-grainstones: Medium- coarse-grained;
cross-bedded in part.

Bioclastic wacke-packstone: Finely laminated; lenticular,
pinches out over less than 25 meters.
Echinoderm/bryozoan g r a i n s t o n e : W e l l sorted.

Coated bioclastic and oolitic grainstone:
30 cm thick cross-sets.

Echinoderm/bryozoan packstone:

Cross-bedded,

Burrowed.

Intercalated, oolitic grainstone and oolitic, pellet,
crinoid pack-grainstones: Cross-bedded, sets up to 30
cm thick.

Bioclastic pack-grainstones:
cross-bedded in part.

Medium- coarse-grained;

Bioclastic wacke-packstone: Finely laminated; lenticular,
pinches out over less than 25 meters._______________________
Echinoderm/bryozoan grainstone: Well sorted.

*■I * I
I
N

Cross-bedded,

BAR

Coated bioclastic and oolitic grainstone:
30 cm thick cross-sets.

OOLITIC

TIDAL

Echinoderm/bryozoan packstone:

Burrowed.

Intercalated, oolitic grainstone and oolitic, pellet,
crinoid pack-grainstones: Cross-bedded, sets up to 30
cm thick.

r
Oolitic, echinoderm pack-grainstone:

\
5 m intervals

Oolitic grainstone:
20 cm thick.

Some cross-bedding.

Well sorted; cross-bedded, sets up to
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Measured Section AL -6 - Gurley Quarry
INFERRED
DEPOSITIONAL
ENVIRONMENT

COLUMNAR
SECTION

PALEOCURRENTS

LITHOLOGY

SUB- INTER SUPRA
TIDAL TIDAL TIDAL

Oolitic grainstone:

Medium- coarse grained; cross-bedded

Shaly, echinoderm/bryozoan packstone and shale.

Echinoderm/bryozoan packstone to grainstone: Coarse-grained
sequence has fining upward grain-size distribution; accretioi
bedded, grades laterally to shaly packstones and shale.

Dolomitic mudstone and lime mudstone: Birdsye structures
and empty vugs, partially filled or lined with quartz and
dolomite.

Oolitic grainstone: Medium- coarse grained; moderately
well sorted; much bioclastic debris; cross-bedded.

Echinoderm/bryozoan packstone to grainstone: Coarse-grained,
sequence has fining upward grain-size distribution; accretioi
bedded, grades laterally to shaly packstones and shale.

Dolomitic mudstone and lime mudstone: Birdsye structures
and empty vugs, partially filled or lined with quartz and
dolomite.

Oolitic grainstone: Medium- coarse grained; moderately
well sorted; much bioclastic debris; cross-bedded.

Intercalated lime mudstone, echinoderm/bryozoan packstone
and pellet, oolitic bioclastic packstone: Algal lamina
tions; rugose coral; white-gray chert nodules.

Eel)inoderm/bryozoan grainstone:
s Cylolitic.

Medium-grained; massive;

2b Tn
covered

I s o lated coral
col o n ie s ; wav', -cross - lami r a t e d .

Chertv, w a v y - l a m i n a t e d , M o c l a s t i c ^ r a r 'stone. _______
Fine -crained, w a v y - l a m i n a t e d , Floe last ic u rains tone.

intervals
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Measured Section AL-7 - Scottstoro Quarry
INFERRED
DEPOSITIONAL
ENVIRONMENT
SUB- INTER SUPRATIDAL TIDAL TIDAL

COLUMNAR
SECTION

PALEOCURRENTS

LITHOLOGY

Echinoderm wackestone:
places.

Fine-grained; wavy-laminated in

Echinoderm, oolitic pack-grainstone:
inations .

Barrows; wavy lam

Lime mudstone-wackestone: Few rugose coral and fine bio
clastic debris; grades upward to bioclastic and oolitic
packstone.

places.
Echinoderm, oolitic pack-grainstone:
inations .

Burrows; wavy lam

Lime mudstone-wackestone: Few rugose coral and fine bio
clastic debris; grades upward to bioclastic and oolitic
packstone.

r±j
/zL
zrr

Dolomitic wacke-mudstone: Laminated and burrowed; numerous
celestite nodules with minor fluorite.

FLAT

U=

TIDAL

BAR

TIDAL

Intraclastic, pellet grainstone and lime mudstone with
coarse lenses of oolitic pack-grainstone: Thin-bedded at
base; birdseye structures, burrows.

Oolitic grainstone grading up to bioclastic/pellet, oolitic
packstone at top: Coarse-grained: moderately well sorted.

OOLITIC

\
1

Oolitic and bioclastic, oolitic grainstone:

Finer-grained

at top.
Intraclastic, bioclastic wacke-packstone:

Rugose coral,

hrachiouods. echinoderms.______________________________
V-

Fissile, gray-green shale.________________________________
Intraclastic, oolitic/pellet grainstone:
at top.

Platy-bedded lime mudstone:

Lime mudstone

Birdseye structures.

Dolomitic, oolitic and bioclastic wackestone: Massive;
grades upward to next unit.____________________________ _

Oolitic grainstone:
bedded.

Coarse-grained; well sorted; cross-

Slightly oolitic, echinoderm/bryozoan packstone.

Shaly. echinoderm/bryozoan wacke-packstone.

1

a

Dolomitic, echinoderm/bryozoan wacke-packstone:
rugose coral.

Echinoderm packstone:

Coarse-grained; massive.

Dolomitic, echinoderm/bryozoan wacke-packstone:
sorted; medium-bedded.

5 m intervals

Massive;

Poorly

TIDAL
OOLITIC

TIDAL

BAR

Intraclastlc, pellet grainstone and lime mudstone with
coarse lenses of oolitic pack-grainstone: Thin-bedded at
base; birdseye structures, burrows.

Oolitic grainstone grading up to bioclastic/pellet, oolitic
packstone at top: Coarse-grained: moderately well sorted.

Oolitic and bioclastic, oolitic grainstone:

Finer-grained

at top.
Intraclastic, bioclastic wacke-packstone: Rugose coral,
hrachiopods. echinoderms.__________________________________ _
Fissile, gray-green shale.__________________________________
Intraclastic, oolitic/pellet grainstone:
at top.

Platy-bedded lime mudstone:

Lime mudstone

Birdseye structures.

Dolomitic, oolitic and bioclastic wackestone: Massive;
grades upward to next unit._____________________________
Oolitic grainstone:
bedded.

Coarse-grained; well sorted; cross-

Slightlv oolitic, echinoderm/bryoaoan packstone.__________
Shalv. echinoderm/bryozoan wacke-packstone._______________
Dolomitic, echinoderm/bryozoan wacke-packstone: Massive;
rugose coral.______________________________________________
Echinoderm packstone: Coarse-grained; massive.
Dolomitic, echinoderm/bryozoan wacke-packstone:
sorted; medium-bedded.

5 m intervals

Poorly
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Measured Section AL -8 - Candlestand
INFERRED
DEPOSITIONAL
E N VIRONMENT

COLUM N A R
SECTION

PALEOCURRENTS

LITHOLO G Y

SUBI N T E R  3UPRATIDAL TIDAL riDAL
Quartz arenite:
Medium-grained ;
festoon cross-bedded.

plant debris;

E chinoderm / b r y o z o a n packstone:
Coarse-grained;
m o d e r a t e l y - p o orly sorted; festoon cross-bedded.

Shaly, intraclastic b i o c lastic wacke-packstone:
M e d i u m - coarse-grained;
p o orl y sorted; p l a t y beds.

Quartz arenite:
M e d ium-graine d ;
festoon cross-bedded.

plant debris;

Echin o d e r m / b r y o z o a n packstone:
Coarse-grained;
mo d e r a t e l y - p o orly sorted; festoon cross-bedded.

Shaly, intraclastic b i o c lastic w ac ke-packstone:
M e d i u m - coarse-grained;
p o o r l y sorted; p l a t y beds.

Lim e w a c k e s t o n e and no d u l a r chert.
L i m e w a c k e s t o n e and nodular, b l a c k - d a r k gray chert
with bryozoans and crinoids._____________________________
Bi o c l a s t i c pack-grainstone:
Shale partings; chert at
top; flat laminations in thicker beds.
Oolitic grainstone:
Fine-grained;
b e d d e d - 1 cross-set.

w ell sorted;

cross

I <n I ~cO

Echinoderm/bryozoan, oolitic grainstone:
M e d iumcoarse-grained; m u d s t o n e at top; w a v y laminations.

5 m intervals
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Measured Section AL-11 - Sulphur Springs Gap
INFERRED
DEPOSITIONAL
ENVIRONMENT

COLUMNAR
SECTION

PALEOIURRENTS

LITHOLOGY

SUB- INTER SUPRA
TIDAL TIDAL TIDAI

Channel-fill, echinoderm/bryozoan packstone with vague
laminations.

Bioclastic packstone: Many bryozoans, brachiopods; wavylaminated; black chert nodules.

Shaly, dolomitic, intraclastic, echinoderm/bryozoan
wacke-packstone: Black chert nodules; crudely laminated
in places.
Pellet packstone: Laminated: fenestral fahrics; 15 cm
deep fissures at top.______________________________________
Bioclastic, pellet/intraclastic, oolitic pack-grainstone:
Large, whole echinoids at base; cross-bedded, 25 cm thick
cross-sets, 1 - 5 cm thick foreset laminae.

It'S

Pellet packstone: Laminated; fenestral fabrics; 15 cm
deep fissures at top.
Bioclastic, pellet/intraclastic, oolitic pack-grainstone:
Large, whole echinoids at base; cross-bedded, 25 cm thick
cross-sets, 1 - 5 cm thick foreset laminae.

OOLITIC

TIDAL

BAR

Shaly, dolomitic, intraclastic, echinoderm/bryozoan
wacke-packstone: Black chert nodules; crudely laminated
in places.

Oolitic grainstone with dolomitic wackestone lenses:
coarse-grained; very well sorted; massively bedded.

Echinoderm/bryozoan wacke-packstone:

Very

Medium-grained.

Shaly dolomite and dolomitic, echinoderm/bryozoan wackeston*
Muddy echinoderm/bryozoan packstone:
laminated in part.

Large echinoderms;

Intraclastic, ouartzose, oolitic pack-grainstone: Medium coarse-grained; moderately sorted; cross-bedded and wavylaminated.
_ _ _________________________ _ _
Oolitic, bioclastic wacke-packstone grading up to oolitic
packstone - grainstone:
Cross-bedded, low angle, 12 cm
thick cross-sets.
Calcareous shale and nodular, bioclastic packstone:
Grades
laterally to shale._________________________________________ _
Bioclastic packstone and calcareous bioclastic shale.______
Bioclastic oolitic grainstone: Cross-bedded, 6 - 20 cm
thick cross-sets.____________________________ ________________
Oolitic bioclastic grainstone: Cross-bedded, graded foreset laminae.__________________________________________
Brown shale.__________________________
—
Oolitic grainstone and intercalated bioclastic grainstone:
Well sorted; laminated and cross-bedded.

Bryozoan, pellet, oolitic/echinoderm packstone.

Oolitic, bioclastic grainstone.
Buff, silty, calcareous shale and fossil packstone.
Intraclastic, oolitic, bioclastic packstone: Abundant
crinoids at top; cross-bedded and burrowed.

Intraclastic, ouartzose, oolitic pack-grainstone: Medium coarse-grained; moderately sorted; cross-bedded and wavylaminated.
Oolitic, bioclastic wacke-packstone grading up to oolitic
packstone - grainstone:
Cross-bedded, low angle, 12 cm
thick cross-sets.
Calcareous shale and nodular, bioclastic packstone:
Grades
laterally to s h a l e . _______________________________________
Bioclastic packstone and calcareous bioclastic shale.______
Bioclastic oolitic grainstone:
Cross-bedded, 6 - 20 cm
thick c r o s s - s e t s . ________________________________________
Oolitic bioclastic grainstone: Cross-bedded, graded foreset laminae._________________________________________________
Brown shale.________________________________________________ _
Oolitic grainstone and intercalated bioclastic grainstone:
Well sorted; laminated and cross-bedded.

3~a--p.l-L-

tidnzzb
act

o

Bryozoan, pellet, oolitic/echinoderm packstone.

Oo l i t i c ,

/•

b i o c l a s t i c gra i n s t o n e .

Buff, silty, calcareous shale and fossil packstone.
Intraclastic, oolitic, bioclastic packstone: Abundant
crinoids at top; cross-bedded and burrowed.__________________
Oolitic grainstone and dolomitic bioclastic wackestone.
Bioclastic, dolomitic wackestone.: Ooids, crinoids, pellets,
calcispheres, foram inifera, ostracods.

U * [
T-. ~r
” Iy

Slightly dolomitic, intraclastic, algal, ecninoderm wackepackstone.

Oolitic eciiinoderm/i rvozoan grainstone:
well sorted; massive and cross-bedded.

Abraded ! ioclasts:

Bioclastic wacke-packstone; I.'avv-laminated; burrows 1/2
to 1 cm long.______________________________________________
Bioclastic wackestone:
Fine-grained; brachiopods, rugose
c°ral.

5 m intervals

•'
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Measured Section AL-12 - Fadius
iWFlMEft
DEP0SITI0NAL
ENVIRONMENT

COLUMNAR
SECTION

PALEOCURRENTS

LITHOLOGY

SUB- INTERSUPRATIDAL TIDAL IIDAL

Oolitic grainstone: Bioclastic lenses; moderately-well
sorted; cross-laminated.

Echinoderm. oolitic grainstone.
Dolomitic, bryozoan mud-wackestone.

Laminated, dolomitic wackestone with evaporite vugs:
upward to echinoderm/bryozoan packstone.

Grades

TIDAL TIDAL TIDAL

Oolitic grainstone: Bioclastic lenses; moderately-well
sorted; cross-laminated.

Echinoderm. oolitic grainstone.
Dolomitic, bryozoan mud-wackestone.

Laminated, dolomitic wackestone with evaporite vugs:
upward to echinoderm/bryozoan packstone.

Dolomitic and lime mudstone: Shaly; evaporite nodules
at base.
Pellet packstone and bioclastic packstone.
Dolomitic echinoderm/bryozoan packstone.

Ij +1
-#■

Grades

Dolomitic echinoderm/bryozoan packstone:
Endothyra.

I*

Fine-grained;

I*'
Is
Pellet, bioclastic, oolitic packstone:

Crude laminations.

Dolomitic, intraclastic echinoderm/bryozoan wacke-packstone,

Calcareous shale and intraclastic, bioclastic wackepackstone.
Echinoderm/bryozoan packstone: Moderate sorting; abundant
coral; blue and brown nodular chert.

Bioclastic wackestone and oolitic, echinoderm/bryozoan
packstone with nodular chert.

Bioclastic packstone:

gg if t .

Fine - medium-grained; oolitic at

toPOolitic grainstone.and bioclastic wackestone-paekstone at
top: Rugose coral in top 1 meter; blue chert nodules.

/

Oolitic grainstone: Medium-grained; moderately well
sorted; wavy - cross-laminated.

X.

Intraclastic, oolitic, bioclastic packstone and echinoderm/
bryozoan wackestone with vein quartz.______________________ _
Crinoid, oolitic grainstone: Moderate sorting; grades
upward to coralline, echinoderm/bryozoan wackestone;
possible keystone vugs at base and birdseye at top.____

grainstone.

■#-

Dolomitic echinoderm/bryozoan packstone:
Endothyra.

If

Pellet, bioclastic, oolitic packstone:

Fine-grained;

Crude laminations.

Dolomitic, intraclastic echinoderm/bryozoan wacke-packstone

Calcareous shale and intraclastic, bioclastic wackepackstone.
Echinoderm/bryozoan packstone: Moderate sorting; abundant
coral; blue and brown nodular chert.

\ cga r

Bioclastic wackestone and oolitic, echinoderm/bryozoan
packstone with nodular chert.

•fy~T~

/

Bioclastic packstone: Fine - medium-grained; oolitic at
top.
Oolitic grainstone.and bioclastic wackestone-paekstone at
top: Rugose coral in top 1 meter; blue chert nodules.

Oolitic grainstone: Medium-grained; moderately well
sorted; wavy - cross-laminated.

/
/

Intraclastic, oolitic, bioclastic packstone and echinoderm/
brvozoan wackestone with vein quartz._______________________
Crinoid, oolitic grainstone: Moderate sorting; grades
upward to coralline, echinoderm/bryozoan wackestone;
possible keystone vugs at base and birdseye at top.

Well sorted, intraclastic, oolitic grainstone.
Massive dolomitic mudstone with some fenestral fabrics.
Oolitic grainstone: Medium-grained: well sorted; minor
bioclastic debris; blue chert nodules.________________

5 m intervals
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Measured. Section AL-13 - Bridgeport Quarry
DEPOSITIONAL
environment

SUB- INTER SUPRATIDAL TIDAL TIDAL

COLUMNAR
SECTION

LITHOLOGY

Massive dolomitic mudstone.
Estimated 21 m to top of auarry, all
of which is inaccessible.__________________________________________
Laminated, intraclastic, pellet, oolitic packstone and dolomitic
echinoderm/bryozoan, foram packstone.

Oolitic, bioclastic packstone: Medium-fine-grained; massive and
cross-bedded.
Intercalated bioclastic wackestone; laminated at top.

Dolomitic, foram, echinoderm/bryozoan packstone intercelated with
oolitic packstone: Fine-grained; laminated and massive; black
chert nodules.

Shaly, dolomitic wackestone: Spiriferid brachiopods; laminated and
burrowed; stringers of dark blue chert; evaporite vugs with dolomite
and fluorite.

Bioclastic, oolitic packstone with mudstone laminae.

Dolomitic, foram, echinoderm/bryozoan packstone intercalated with
oolitic packstone: Fine-grained; laminated and massive; black
chert nodules.

Shaly, dolomitic wackestone: Spiriferid brachiopods; laminated and
burrowed; stringers of dark blue chert; evaporite vugs with dolomite
and fluorite.

Bioclastic, oolitic packstone with mudstone laminae.
Intercalated, oolitic pack-grain3tone and bioclastic wacke-packstone:
Laminated at top.

Bioclastic wackestone grading up to dolomitic mudstone: Wavy,
irregular laminae at base; birdseye structures and burrows.

-1

Dolomitic, pellet, oolitic pack-grainstone:
and wavy laminations.

Low angle cross-beds

Laminated lime mudstone with some burrows and few fossils.

5 m intervals
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Measured Section AL-14 - Scottsboro
INFERRED
DEP0SITI0NAL
ENVIRONMENT

PALEOCURRENTS

INTERSUPRATIDAL TIDAL
Oolitic, echinoderm/bryozoan packstone with wacke stone
laminae.
Bioclastic wacke-packstone with abundant brachiopods.
Shale and shaly echinoderm/bryozoan wackestone.__________
Shale and coral, echinoderm/bryozoan packstone grading up
to fine-grained, oolitic grainstone and pellet wackestone.

Echinoderm, oolitic grainstone:
intraclasts; cross-bedded.

Brvozoans, pellets,

Bioclastic grainstone with coral and fossil wackestone.
Interbedded echinoderm/bryozoan packstone and fissile,
to biocky shale.
Laminated, fossil, lime mud-wackestone.
Clav shale with lenses of coral ^onndstone.

Laminated, shaly, fossiliferous, pellet wacke-packstone
grab
lastic,oolitic

m

gy <aii

Bioclastic grainstone with coral and fossil wackestone.
Interbedded echinoderm/bryozoan packstone and fissile,
to blocky shale.
Laminated, fossil, lime mnd-wackestone.
Clay shale with lenses of coral boundstone.

Laminated, shaly, fossiliferous, pellet wacke-packstone
grading up to cross-bedded, bioclastic, oolitic grainstone.

s
Fossiliferous clay shale with large brachiopods, coral,
bryozoans.

IW
H
B

Clay shale with bioclastic packstone and channel-fill,
echinoderm/bryozoan, oolitic grainstone.
-dgr i m

CO

0
1

Coral, echinoderm lime wacke-mudstone:
Coral boundstone.

Crudely laminated.

Echinoderm/bryozoan packstone with clay shale partings.

Dolomitic, foram, echinoderm/bryozoan packstone.
an I

Well sorted, intraclastic, oolitic packstone.

Bioclastic, oolitic grainstone: Moderately sorted: coral.
Crudely laminated, bioclastic wacke-packstone.
Coarse-grained, bioclastic, oolitic grainstone.__________

IZZ3
Oolitic pack-grainstone:
at top: wavy-laminated.

Coarse-grained; more bioclastic

!__♦ U(
Echinoderm/bryozoan, dolomitic packstone:
places; cross-laminated at top.

Oolitic in

Bioclastic packstone: Large echinoderm debris; dolomitic
in places.______________________________________________
Bioclastic grainstone and laminated dolomitic wackestone
with few coral._____________________________________ _ _

Oolitic, echinoderm/bryozoan pack-grainstone:
laminated; black chert nodules.

LeJ/

.

Wavy-

Dolomitic, foram, echinoderm/bryozoan packstone.

Well sorted, intraclastic, oolitic packstone.

Bioclastic, oolitic grainstone: Moderately sorted: coraTT
Crudely laminated, bioclastic wacke-packstone.
Coarse-grained, bioclastic, oolitic grainstone.
Oolitic pack-grainstone:
at top: wavy-laminated.

irzzi

Coarse-grained; more bioclastic

Echinoderm/bryozoan, dolomitic packstone:
places; cross-laminated at top.

Oolitic in

Bioclastic packstone: Large echinoderm debris; dolomitic
in places.
Bioclastic grainstone and laminated dolomitic wackestone
with few coral.___________________________________________

Ig
Oolitic, echinoderm/bryozoan pack-grainstone:
laminated; M a c k chert nodules.

jSbfff

Wavy-

X E v

Pellet, bioclastic grainstone: Well sorted; black chert
nodules.___________________________________________________

/

Bioclastic, pellet, oolitic grainstone:
Coarse-grained;
\ _____ 30 cm thick cross-bed set with 1/2 cm thick foreset laminae
Bioclastic, pellet, oolitic grainstone:
crudely laminated.

5 m intervals

Well sorted;
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Measured Section TR-1 - Rowe Gap
INFERRED
DEPOSITIONAL
SUB- INTER SUPRA
TIDAL TIDAL TIDAL

COLUMNAR
SECTION

PALEOCURRENTS

LITHOLOGY

Hartselle Formation: Thin-bedded, fine-grained auartz
arenite and interbedded shale.

Bioclastic wackestone and fossiliferous, oolitic packgrainstone.

Cross-bedded, echinoderm, oolitic grainstone.

Wavy-laminated, oolitic, echinodetm/bryozoan pack-grainston*
Brown, calcareous, slightly fossiliferous shale.
Oolitic, bioclastic pack-grainstone: Coarse-grained;
mottled brown-gray; some laminations.
Oolitic, bioclastic packstone: Medium-grained; bryozoans;
massive.______________________
__
Dolomitic wackestone: Brachiopods; massive; evaporite
vugs ■
Slightly dolomitic packstone with brachiopods.

Bioclastic packstone: Fine-medium-grained; platy beds with
shale partings.
Bioclastic packstone.___________________________________
Lime and dolomitic mud-wackestone:
Irregularly bedded;
algal laminations: burrowed; oolitic storm layers;
evaporite vugs, eroded, irregular top.
Dolomitic mudstone and echinoderm/foram wackestone:
Platy
beds; evaporite vugs; undulose lower contact._______________
Fossiliferous packstone and calcareous, fossil, shale.
Dolomitic and lime wacke-mudstone: Bryozoans; lenticular
to roassivelv-bedded.________________________________________
Massive oolitic grainstone.________________________________
Burrowed, bryozoan, oolitic wacke-packstone._______________
Oolitic, bioclastic packstone: Coarse-grained; crossbedded. _____________________________________________ ______
Bioclastic wacke-packstone: Bryozoans, brachiopods,
echinoderms; wavy laminations; oolitj.c and cross-bedded in
upper 1/3 meter.
Bioclastic oolitic grainstone:
Festoon - tabular cross
beds, 20-25 cm thick cross-sets, flat laminations.

Intraclastic, oolitic packstone: Brachiopods; small ripnp clasts of mudstone. 1-2 1/2 cm in diameter.____________
Oolitic, bioclastic grainstone: Coarse-grained; less

o o litic , afc-t-op-.___________________________________________ Channel-fill, intraclastic, echinoderm/bryoaoan grainstone:
Coarse-grained; moderate sorting.

Oolitic grainstone:
cross-sets at top.

Cross-laminated in part with smaller

Medium-grained, bioclastic, oolitic grainstone.
Cross-bedded, bioclastic grainstone.___________

m m i m f a M W " bioclastic

Intraclastic, oolitic packstone: Brachiopods; small ripnp clasts of mudstone. 1-2 1/2 cm in diameter.___________
Coarse-grained: less
Oolitic, bioclastic grainstone:
oolitic at top._________________
Channel-fill, intraclastic, echinoderm/bryoaoan grainstone:
Coarse-grained; moderate sorting.

Oolitic grainstone:
cross-sets at top.

J

Cross-laminated in part with smaller

"IL

BAR

Medium-grained, bioclastic, oolitic grainstone.

TIDAL

Cross-bedded, bioclastic grainstone.
Coarse-grained, oolitic, bioclastic grainstone.

OOLITIC

Porous, medium-grained, well sorted oolitic grainstone
grading up to bioclastic, pellet grainstone.

Echinoderm, pellet, oolitic packstone-grainstone and platy
bedded, lime mudstone with birdseye structures.
Intraclastic, echinoderm pellet grainstone: Rtp-up clasts
of algal-laminated mudstone; cross-bedded at top.

Slightly shaly, pellet packstone and laminated lime
wackestone.
Slightly
i. i_ 111_ i. v oolitic,
o v t i. u L
^ bioclastic
— i.v
-L-q o
j. v
packstone.
^ ***
^
*________________ __
Bryozoan, intraclascic , echinoderm wacke-packston»:
Oolitic in part; laminated lenses of lime mudstone
Laminated, shalv lime mudstone._________________ __

Echinoderm pack-grainstone:
cross-laminated at top.

5 m intervals

Coarse* grained; muddv rase;
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Measured Section TN-2 - East side of Monteagle Mountain
INFERRED
DEPOSITIONS
ENVIRONMENT

PAEEOCURRENTS

LITHOLOGY

INTER SUPRA
TIDAI TIDAL TIDAL

/
Echinoderm, intraclastic grainstone and pellet, oolitic
grainstone: Coarse-grained; poor-well sorted; crosstedded.
Dolomitic mudstone with rip-op clasts and fenestral fabric.
Slightly dolomitic and lime mudstone to wackestone with
fine la m in a t iiorn s

_______________________________________

Dolomitic
mudstone with micro-brecciated, fenestral fabric;
o1
lenticular; inter! edded with bioclastic oolitic packstone
with rip-up clasts of mudstone.________________________ _
Crinoid, ostracod wackestone: Fine-grained: thin platy
beds.

/

Oolitic grainstone:
Coarse-grained; moderately well
sorted; Iryozoans, algae, echinoderms, intraclasts;
cross-bedded.

Cross-i edded, coarse-grained oolitic grainstone.

Oolitic, pellet grainstone.

Oolitic, bioclastic packstone:
Very-coarse-grained;
poorly sorted,_____________________________________________
Bioclastic, oolitic pack-grainestone: Moderately sorted;
cross-laminated.

Cross-! edded, coarse-grained oolitic grainstone.

Oolitic,

pellet

grai n s t o n e .

Oolitic, bioclastic packstone: Very-coarse-grained;
poorly sorted.__________________________________________
Bioclastic, oolitic pack-grainestone: Moderately sorted;
cross-laminated.________________________________________
Oolitic, fossil, packstone; Coarse-gr.; mod. sorting;
flat-laminated._________________________________________
Dolomitic mudstone: Undulose lower contact; fenestral
fairies (calcite veins); gypsum; lithoclasts.
Intercalated gray shale and tan dolomitic mudstone.______
Shalv, fossil, wacke-packstone; Unal raded fossil delris.
Bioclastic pack-grainstone:
laminated.

Coarse - fine-grained; cross

Fossil wacke-packstone: Fine - coarse-grained; poorly
sorted; laminated.
Green shale._______________ ____ ___________ ____________
Crinoid wackestone and shaly wackestone grading up to
slightlv ouartzose, pellet, fossil., oolitic grainstone.
Grades laterally to northward inclined cross-bedded unit.
Pellet, oolitic, crinoid pack-grainstone and pellet,
crinoid, oolitic grainstone: Moderately well sorted,
coarse-grained; 2.4 m thick cross-bed with 0.5 cm thick
foreset laminae.

Crinoid, pellet, oolitic grainstone:
grained; cross-bedded.

Coarse - medium-

Echinoderm, intraclastic, oolitic grainstone and packstone:
Coarse-grained; cross-bedded._______________________________

Green, lenticular shale.___________________________________
Green, shaly,fossil wacke-packstone: Algal mud laminae;
cross-laminated lens of crinoid grainstone at top.
Bioclastic packstone and fossiliferous,calcareous shale.Pellet, oolitic/crinoid wacke-packstone to oolitic grain
stone.
Finely laminated, ostracod, fine fossil wackestone.

Bioclastic, intraclastic and pellet, oolitic grainstone:
Coarse-grained; moderately well sorted; low angle cross
beds, wavy laminations; dolomitic mud lens at base.

^ tr g ^ ^ ^ ^ y ^ n e fo s s ilw ^ ^ e s to n ^ w i^ T fin e l^ d r ^ t^ i^ ^

8
Echinoderm, intraclastic, oolitic grainstone and packstone:
Coarse-grained; cross-bedded._____________________________

Green, lenticular shale._______________________ _________
Green, shaly, fossil wacke-packstone: Algal mud laminae;
cross-laminated lens of crinoid grainstone at top._______
Bioclastic packstone and fossiliferous.calcareous shale.
Pellet, oolitic/crinoid wacke-packstone to oolitic grain
stone.
Finely laminated, ostracod, fine fossil wackestone.

Bioclastic, intraclastic and pellet, oolitic grainstone:
Coarse-grained; moderately well sorted; low angle cross
beds, wavy laminations; dolomitic mud lens at base.

Ostracod, fine fossil wackestone with fine laminations.

Oolitic grainstone:

Coarse-grained; well sorted; massive.

Pellet, oolitic packstone:

Well sorted; massive.

Ostracod, fine fossil wackestone with fine laminations.
Oolitic, crinoid grainstone, echinoderm/bryozoan wackepackstone and mudstone with lenses of thin algal mudstone,
and minor chert nodules._________________________________ _
Dolomitic, echinoderm, oolitic grainstone and pellet, bry
ozoan, oolitic, crinoid grainstone: Moderately sorted.
Dolomitic, echinoderm/bryozoan packstone and crinoid,
oolitic packstone: Coarse to fine-grained.
Dolomitic pellet packstone and algal laminated lime mudstone and packstone.______________________________________
Foram, echinoderm/pellet grainstone: Fine-grained; moderatelv sorted; cross-bedded, wavy laminations; blue chert.
Dolomitic, echinoderm/bryozoan packstone:
grained; rip-up clasts.

Coarse - medium-

Echinoderm/bryozoan grainstone: Fine-grained; well-sorted;
white to light gray chert nodules.

5 m intervals
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Measured Section TN-5 - West side Monteagle Mountain
INFERRED
DEP0SITI0NAL
ENVIRONMENT

COLUMNAR
SECTION

PALEO
CURRENTS

LITHOLOGY

SlIB- INTER 3UPRA
II DAL TIDAL PEDAL
Pellet packstone.
Bioclastic, oolitic grainstone:
laminated.

Coarse-grained; cross

Bioclastic packstone: Fine-grained; crinoids, forams,
brachiopods; medium-bedded.

Dolomitic, fossil, pellet wackestone with bioclastic
packstone lenses.

Oolitic, pellet, crinoid packstone with laminations.
Coarse to medium-grained, bioclastic, intraclastic, oolitic
grainstone.
Pellet, intraclastic, oolitic grainstone: Coarse-grained;
moderately sorted; single cross-bed set._________________
Dolomitic mudstone with root tubules.
Marly shale, shaly, fossil packstone and mudstone.

rsj-i

i

!•<*■Iv ‘ l

Echinoderm/bryozoan wacke-grainstone:
Coarse-grained;
poorly sorted; intraclasts, brachiopods; medium-bedded.

Bioclastic, pellet, oolitic grainstone:

Cross-laminated.

*s
Slightly dolomitic, bioclastic packstone:

Fine-grained;

Echinoderm/bryozoan wacke-grainstone:
Coarse-grained;
poorly sorted; intraclasts, brachiopods; medium-bedded.

Bioclastic, pellet, oolitic grainstone:

Cross-laminated.

Slightly dolomitic, bioclastic packstone: Fine-grained;
well to moderately sorted; shaly partings near top.
Cross-laminated, intraclastic, pellet, oolitic grainstone.

Dolomitic mudstone
<

Dolomitic, bioclastic packstone with lenses of dolomitic
mudstone.
Large sheet-like fractures.

<

Intraclastic, bioclastic, dolomitic packstone and mudstone
with coral.______
Lithoclastic. oolitic grainstone._______________
Oolitic grainstone: Coarse-grained; well sorted; crosslaminated.__________________________ ____________________
Green, shaly lime m u d s t o n e _________________________
Intraclastic, oolitic grainstone.
Coarse-grained: well
sorted; cross-laminated.
Greenish shale, shaly fossil packstone and channel-fill,
intraclastic, oolitic grainstone.
Shale is truncated at
top.

Echinoderm grainstone:

Medium-grained; well-sorted.

Pellet, oolitic grainstone: Fine to coarse grained; up
ward coarsening; cross-laminated.

Echinoderm/bryozoan grainstone and echinoderm, pellet
packstone: Coarse to medium-grained; poorly sorted; shaly;
crudely laminated.
Bioclastic, oolitic grainstone:

Coarse-grained; well-

LiunociasLiwi

SUBTIDAL-INTERTIDAL
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uu

Oolitic grainstone: Coarse-grained; well sorted; crosslaminated.____________________________________________
Green, shaly lime mudstone____________________________
Intraclastic, oolitic grainstone. Coarse-grained; well
sorted; cross-laminated.
Greenish shale, shaly fossil packstone and channel-fill,
intraclastic, oolitic grainstone. Shale is truncated at
top.

co^

Echinoderm grainstone:

CHANNELED

1

Medium-grained; well-sorted.

Pellet, oolitic grainstone: Fine to coarse grained; up
ward coarsening; cross-laminated.

Echinoderm/bryozoan grainstone and echinoderm, pellet
packstone: Coarse to medium-grained; poorly sorted; shaly;
crudelv laminated.

a

Bioclastic, oolitic grainstone:
sorted; cross-laminated.

Coarse-grained; well-

Echinoderm grainstone: Coarse-grained; well sorted; cross
laminated; slightly shaly at top; appears to have a moundlike shape.
Echinoderm pack-grainstone: Coarse-grained; well sorted;
minor brachiopods, bryozoans; flat laminations; shaly base
and top._________________________________________________
Oolitic grainstone: Well-sorted; cross-laminated; thins
laterally and grades to shaly fossil packstone.
Dolomitic mudstone: Dolomite-filled oomolds; finelv
laminated in part; fenestral fa! rics - irregular vertical
fractures.

urn

Cross-bedded, intraclastic, oolitic grainstone.

Fossil wacke-mudstone: Laminated; coarse fossil packstone
lenses.

gES

Oolitic grainstone:
bedded .

Coarse-grained: upward fining; cross-

Fossil, pellet wacke-packstone:

5

m

intervals

Fine-grained.
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Measured Section TN-4 - Sherwood Quarry
INF “ RED
DEP0SITI0NAL
ENVIRONMENT

COLUMNAR
SECTION

PALEOCURRENTS

LITHOLOGI

SUB- INTER 3UPRA
riDAL TIDAL riDAL

w iJ

Oolitic grainstone grading laterally to accretion-bedded,
shaly, bioclastic packstone.

Green, lenticular shale.

Oolitic grainstone: Coarse to medium-grained; cross
bedded.

Dolomitic mudstone with stromatolitic algal laminations.

M

Green, lenticular shale.

STROMATOLITIC

ALGAL

FLAT

Oolitic grainstone: Coarse to medium-grained; cross
bedded.

Dolomitic mudstone with stromatolitic algal laminations.

Oolitic grainstone: Coarse to medium-grained; well-sorted;
cross-1 edded; cobble-sized oolitic intraclasts with algal
coatings.

5 m intervals
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Measured Section GA-1 - Johnson Crook
INFERRED
DEPOSITIONS
ENVIRONMENT

COLUMNAR
SECTION

PALEOCURRENTS

LITHOLOGY

SUB INTERSUPRA
TIDAL TIDAL TIDAL

i

Oolitic, echinoderm/bryozoan wacke-packstone:
grained; medium-bedded.

Medium-

I era Igz
Dolomitic wacke-mudstone.
Coarse-grained, cross-bedded oolitic grainstoneT
Medium-grained, oolitic grainstone.
Oolitic, bioclastic wacke-packstone:
grained; dolomitic.

Fine to medium-

Finely laminated lime wacke-mudstone with birdseye
structures._________________________________________
Cross-bedded, pellet, oolitic grainstone.
Slightly dolomitic, fossil wacke-mudstone.

Dolomitic mudstone.
Oolitic, fossil. pack
packstone and grainstone.

m

Coarse-grained, cross-bedded oolitic grainstone.
Medium-grained, oolitic grainstone.
Oolitic, bioclastic wacke-packstone:
grained; dolomitic.

Fine to medium-

Finely laminated lime wacke-mudstone with birdseye
structures.______________________________________
Cross-bedded, pellet, oolitic grainstone._________
Slightly dolomitic, fossil wacke-mudstone.

Dolomitic mudstone.
Oolitic, fossil packstone and grainstone.

Dolomitic wackestone.
Slightly dolomitic, fossil wacke-packstone.
Bioclastic, oolitic grainstone:
laminated.

Medium-grained; croas-

Fine-grained, dolomitic, bioclastic packstone.

Fine-grained, oolitic fossil packstone and grainstone.
Fine-grained, cross-laminated, bioclastic, oolitic grain
stone.

Massive, fossil, oolitic grainstone and oolitic, fossil
packstone.

Massive, bioclastic packstone.

Platy-bedded, dolomitic mudstone.
Bioclastic packstone.

Bioclastic, oolitic packstone and wackestone at base.
Oolitic, bioclastic packstone.

Oolitic, bioclastic packstone and oolitic grninstone.

Eioclastic, coral wackestone.

■an

Massive, bioclastic packstone.

Platy-bedded, dolomitic mudstone.
Bioclastic packstone.

Bioclastic, oolitic packstone and wackestone at base.
Oolitic, bioclastic packstone.

Oolitic, bioclastic packstone and oolitic grainstone.

Bioclastic, coral wackestone.
Bioclastic. dolomitic wackestone.

Fine-grained, bioclastic packstone.
Bioclastic, oolitic grainstone:
cross-laminated.

Medium to fine-grained;

Fine-grained dolomitic packstone.______________
Oolitic grainestone: Well sorted; cross-bedded.

Pellet, echinoderm, oolitic grainstone.
ioclastic wackestone and packstone.

ar
5 m intervals
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